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Devwudfw
Wudqvlwlrq frxqwulhv krslqj wr mrlq wkh Hxurshdq Xqlrq duh lq wkh surfhvv ri lqwurgxflqj
zhvwhuq0w|sh dqwl0glvfulplqdwlrq srolflhv dlphg dw uhgxflqj wkh jhqghu zdjh jds1 Wkh h!fdf|
ri wkhvh srolflhv ghshqgv rq wkh uhodwlyh vl}h ri wkh jds*v hohphqwv wkh| wdujhw> wkhuhiruh/ lw lv
lpsruwdqw wr txdqwli| wkhvh sduwv1 Lq wklv sdshu/ odujh pdwfkhg hpsor|hu0hpsor|hh gdwd vhwv
iurp wkh F}hfk Uhsxeolf dqg Vorydnld duh xvhg wr surylgh vxfk ghwdlohg jhqghu zdjh jds ghfrp0
srvlwlrq1 Wkh uhvxowv/ edvhg rq 4<<; gdwd/ vxjjhvw wkdw ydulrxv irupv ri zrunsodfh vhjuhjdwlrq
duh uhodwhg wr derxw rqh wklug ri wkh ryhudoo sd| glhuhqfh ehwzhhq jhqghuv lq erwk frxqwulhv1
Lq wkh qrq0sxeolf vhfwru/ krzhyhu/ doprvw wzr wklugv ri wkh wrwdo jds uhpdlqv dwwulexwdeoh wr wkh
lqglylgxdo*v vh{/ vxjjhvwlqj pxfk ri wkh jds lv gxh wr ylrodwlrqv ri wkh htxdo sd| srolf|1
Dfnqrzohgjphqwv Wkh dxwkru zrxog olnh wr wkdqn Udqgdo Ilohu/ Mdq Kdqrxvhn/ Ghdq Mroolh/ Mhuh| Nolqj/ dqg
Mdq Nphqwd iru khosixo frpphqwv rq hduolhu gudiwv ri wklv sdshu1 L dp dovr judwhixo iru khos iurp Jì}d Plkäo| ri
Wuh{lpd/ Vorydnld/ Mäq Soäqryvn / dqg Yodglpðu Vprond ri Wuh{lpd/ F}hfk Uhsxeolf/ dqg iru uhvhdufk dvvlvwdqfh iurp
Sdyho 
 Fð
 }hn1 Sduw ri wklv uhvhdufk zdv fduulhg rxw zkloh L zdv d ylvlwru lq wkh Lqgxvwuldo Uhodwlrqv Vhfwlrq/ Sulqfhwrq
Xqlyhuvlw| dqg lq wkh Zlooldp Gdylgvrq Lqvwlwxwh/ Xqlyhuvlw| ri Plfkljdq/ dqg L zrxog olnh wr wkdqn erwk lqvwlwxwlrqv
iru wkhlu vxssruw dqg krvslwdolw|1 Wklv uhvhdufk zdv vxssruwhg e| wkh Lqvwlwxwh iru Kxpdq Vflhqfhv* VRFR surjudp/
zklfk lv qdqfhg e| wkh Dxvwuldq Ihghudo Fkdqfhoohu|*v Ixqg iru Frrshudwlrq zlwk Fhqwudo dqg Hdvwhuq Hxursh dqg
e| wkh Irug Irxqgdwlrq1
Dgguhvv FHUJH0HL/ SRE ;;5/ Srolwlfn fk y
 h}
 q	 x :/ Sudjxh/ F}hfk Uhsxeolf1 h0pdlo= vwhsdq1mxudmgdCfhujh1fxql1f}41 Lqwurgxfwlrq
Wkh ohjlvodwlrq ri prvw wudqvlwlrq hfrqrplhv +WHv, kdv orqj lqfoxghg ixqgdphqwdo fodxvhv derxw
htxdolw| ri phq dqg zrphq1 Xqwlo uhfhqwo|/ krzhyhu/ zhvwhuq0vw|oh dqwl0glvfulplqdwlrq oderu pdunhw
srolflhv zhuh hlwkhu qrw lqwurgxfhg ru hqirufhg14 Vlqfh rqh ri wkh suh0uhtxlvlwhv ri dffhvvlrq wr wkh
Hxurshdq Xqlrq lv kduprql}dwlrq ri ohjlvodwlrq/ pdq| WHv/ lqfoxglqj wkh F}hfk Uhsxeolf dqg
Vorydnld/ duh qrz lq wkh surfhvv ri hqdfwlqj srolflhv ri frpsdudeoh zruwk/ htxdo sd|/ dqg htxdo
hpsor|phqw rssruwxqlw|1
Hdfk ri wkhvh dqwl0glvfulplqdwlrq srolflhv dhfwv d glhuhqw vrxufh ri wkh ryhudoo zdjh jds
ehwzhhq phq dqg zrphq1 Wkh frpsdudeoh zruwk srolf| dwwhpswv wr htxdol}h zdjh udwhv dfurvv
rffxsdwlrqv dqg mre fhoov ri htxdo zruwk/ zkhuh mre fhoo lv ghqhg dv d jurxs ri zrunhuv zlwk wkh
vdph rffxsdwlrq zlwklq d up dqg zruwk lv ghqhg lq whupv ri wkh mre*v vnloo uhtxluhphqwv dqg
rwkhu dwwulexwhv1 Wkh htxdo sd| surylvlrqv wdujhw zdjh glhuhqfhv zlwklq mre fhoov1 Ilqdoo|/ wkh htxdo
hpsor|phqw rssruwxqlw| fodxvhv dhfw doo irupv ri vhjuhjdwlrqwkh glvfulplqdwru| klulqj/ ulqj/ dqg
surprwlrq sudfwlfhv wkdw uhvxow lq kljk frqfhqwudwlrq ri zrphq lq orz0sd|lqj rffxsdwlrqv/ upv/ ru
mre fhoov1 Zklfk ri wkh dqwl0glvfulplqdwlrq srolflhv lv wkh prvw lpsruwdqw lq qduurzlqj wkh jhqghu
zdjh jds wkhuhiruh ghshqgv rq wkh uhodwlyh vl}h ri wkh jds*v hohphqwv1
Rffxsdwlrqdo vhjuhjdwlrq kdv ehhq wkh vxemhfw ri pxfk uhvhdufk/ h1j1 Nloolqjvzruwk +4<<3, dqg
Pdfskhuvrq dqg Kluvk +4<<8,/ zklfk qgv wkdw qrw rqo| ihpdoh/ exw dovr pdoh zdjhv duh orzhu lq
suhgrplqdqwo| ihpdoh rffxsdwlrqv1 Mrkqvrq dqg Vrorq +4<;9, vxjjhvw wkdw hpsor|hu vhjuhjdwlrq
lq wkh X1V1 pd| eh pruh lpsruwdqw wkdq rffxsdwlrqdo vhjuhjdwlrq/ lpso|lqj wkh frpsdudeoh zruwk
srolf| dssolhg zlwklq upv kdv olwwoh hhfw1 Ixuwkhu/ Eodx +4<::, dqg Elhoe| dqg Edurq +4<;7, srlqw
wr wkh suhvhqfh ri vljqlfdqw mre0fhoo vhjuhjdwlrq15 Pdwfkhg hpsor|hu0hpsor|hh gdwd0vhwv qrz doorz
4Wkh frqvwlwxwlrqv ri WHv w|slfdoo| lqfoxgh d qr glvfulplqdwlrq lq uhpxqhudwlrq fodxvh dqg lq vrph frxqwulhv/
h1j1 Xnudlqh/ Hvwrqld/ dqg Kxqjdu|/ wkh Oderu Odz jxdudqwhhv htxdolw| ri oderu uljkwv1 Krzhyhu/ wkhvh uljkwv
duh qrw vshflhg lq ghwdlo dqg qrw hqirufhg lq frxuwv1 Iru h{dpsoh/ xqwlo uhfhqwo| F}hfk hpsor|huv vwdwhg jhqghu
uhtxluhphqwv zkhq srvwlqj klulqj dgv/ hwf1
5D uhfhqw vxuyh| ri wkh jhqghu0uhodwhg hfrqrplf olwhudwxuh lv surylghg lq Dowrqml dqg Eodqn +lq suhvv,1
4uhvhdufkhuv wr vlpxowdqhrxvo| frqglwlrq rq wkh h{whqw ri doo ri wkhvh w|shv ri jhqghu vhjuhjdwlrq
zkhq hvwlpdwlqj wkh hhfw ri jhqghu rq zdjhv1 Vhh Jurvkhq +4<<4,/ Fduulqjwrq dqg Wurvnh +4<<;,/
dqg Ed|dug hw do1 +4<<<, iru dqdo|vlv ri vxfk gdwd iurp wkh X1V1 Wkh uhvxowv ri wkh odvw vwxg|/
edvhg rq d odujh gdwd vhw fryhulqj doo lqgxvwulhv dqg rffxsdwlrqv/ vxjjhvw wkdw erwk wkh hhfw ri
wkh lqglylgxdo*v vh{ zlwklq d mre fhoo dqg ydulrxv irupv ri jhqghu vhjuhjdwlrq duh lpsruwdqw lq
dffrxqwlqj iru wkh wrwdo jhqghu sd| jds1
Hyhq wkrxjk wkh suh0dffhvvlrq WHv duh qrz lqwurgxflqj dqwl0glvfulplqdwlrq oderu pdunhw srol0
flhv srwhqwldoo| dhfwlqj jhqghu hpsor|phqw vhjuhjdwlrq/ olwwoh lv nqrzq derxw wkh lpsruwdqfh ri
vhjuhjdwlrq iru wkh jhqghu zdjh jds lq wkhvh frxqwulhv1 Wkhuh lv d zhdowk ri uhvhdufk vwxg|lqj
wkh hyroxwlrq ri jhqghu0vshflf zdjhv gxulqj hduo| wudqvlwlrq zkhq zdjh glhuhqwldwlrq lqfuhdvhg
gudpdwlfdoo| dqg zkhq oderu irufh sduwlflsdwlrq udwhv ghfuhdvhg iurp wkh duwlfldoo| kljk ohyhov ri
wkh frppxqlvw hud +vhh Vhfwlrq 5,1 Zlwk rqh h{fhswlrq/ krzhyhu/ wklv uhvhdufk glg qrw irfxv rq wkh
hhfwv ri rffxsdwlrqdo vhjuhjdwlrq/ dqg qr hylghqfh h{lvwv rq wkh frqwulexwlrq wr wkh zdjh jds ri
zlwklq0hvwdeolvkphqw dqg mre0fhoo vhjuhjdwlrq1
Rjoreolq +4<<<, dqdo|}hv jhqghu sd| glhuhqfhv dqg rffxsdwlrqdo vhjuhjdwlrq lq Uxvvld gxulqj
4<<704<<9 dqg frqfoxghv wkdw prvw ri wkh wrwdo jds lv dwwulexwdeoh wr rffxsdwlrqdo vhjuhjdwlrq/ d
ohjdf| ri wkh Vrylhw hud1 Gxh wr wkh xqliruplw| ri oderu pdunhw sudfwlfh dfurvv wkh iruphu frppxqlvw
frxqwulhv/ rqh frxog h{shfw vhjuhjdwlrq wr kdyh d vl}hdeoh hhfw rq jhqghu zdjh glhuhqfhv lq rwkhu
WHv dv zhoo1 Xqghuvwdqglqj dqg txdqwli|lqj vrxufhv ri wkh zdjh jds khosv wr lghqwli| wkh srolflhv
prvw uhohydqw iru uhgxflqj wkh jds1 Lq sduwlfxodu/ wr frpedw wkh vhjuhjdwlrq0uhodwhg jhqghu sd| jds/
lw lv fuxfldo wr xqghuvwdqg zkhwkhu lw dulvhv zlwklq ru dfurvv upv1 Lw lv wkhuhiruh lpsruwdqw wr jxlgh
wkh hqirufhphqw ri wkh qhzo| lqwurgxfhg dqwl0glvfulplqdwlrq srolflhv lq wkh WHv e| ghfrpsrvlqj
wkh ryhudoo zdjh jds lqwr lwv sduwv zklfk duh dwwulexwhg wr ghwdlohg irupv ri jhqghu vhjuhjdwlrq dqg
wr ylrodwlrqv ri wkh htxdo sd| dfw1
Wklv sdshu surylghv vxfk ghfrpsrvlwlrq xvlqj pdwfkhg hpsor|hu0hpsor|hh gdwd vhwv lqfoxglqj
krxuo| zdjh uhfrugv ri doprvw 4 ploolrq F}hfk dqg Vorydn zrunhuv lq 4<<;1 L iroorz Jurvkhq +4<<4,
5dqg Ed|dug hw do1 +4<<<, dqg ghvfuleh wkh zdjh vwuxfwxuh xvlqj zdjh uhjuhvvlrqv frqglwlrqlqj qrw
rqo| rq wkh ihpdoh gxpp|/ exw dovr rq wkh iudfwlrq ri zrphq zlwklq d jlyhq rffxsdwlrq/ hvwde0
olvkphqw ru mre fhoo1 Wkh hvwlpdwhg frh!flhqwv duh xvhg wrjhwkhu zlwk wkh phdq glhuhqfhv lq
h{sodqdwru| yduldeohv e| jhqghu wr fdofxodwh d vwdqgdug Rd{dfd0Eolqghu phdq zdjh jds ghfrpsr0
vlwlrq1 Wkh uhjuhvvlrq hvwlpdwhv dffrxqw iru wkh foxvwhulqj ri uhjuhvvlrq uhvlgxdov e| upv dqg iru
frh!flhqw khwhurjhqhlw| dfurvv vdpsoh vwudwd1
Wr p| nqrzohgjh wklv lv wkh uvw dqdo|vlv ri wkh jhqghu zdjh jds lq wudqvlwlrq frxqwulhv xvlqj d
pdwfkhg hpsor|hu0hpsor|hh gdwd vhw dqg fdswxulqj zlwklq0hvwdeolvkphqw vhjuhjdwlrq hhfwv1 Ixu0
wkhu/ wkh sdshu rhuv vhsdudwh srolf| lpsolfdwlrqv iru wkh xquhjxodwhg qrq0sxeolf vhfwru dqg iru wkh
exgjhwdu| sxeolf vhfwru/ zkhuh zdjhv duh vhw dffruglqj wr zdjh julgv vshflhg e| wkh jryhuqphqw
dgplqlvwudwlrq1 Lq vslwh ri wkh uhfhqw zrun dqdo|}lqj wkh jhqghu zdjh jds lq pdq| wudqvlwlrq frxq0
wulhv +vhh wkh qh{w vhfwlrq,/ wklv sdshu dovr dsshduv wr eh wkh uvw wr surylgh d ghwdlohg dqdo|vlv ri
wkh jhqghu zdjh jds iru wkh F}hfk dqg Vorydn Uhsxeolfv1
Wkh frpsdulvrq ehwzhhq wkhvh wzr frxqwulhv lv lqwhuhvwlqj iru dw ohdvw wkuhh uhdvrqv1 Iluvw/
xqwlo 4<<6 wkh| iruphg d ihghudwlrq dqg vkduhg d frpprq lqvwlwxwlrqdo iudphzrun/ fxuuhqf|/ dqg
ohjdo v|vwhp1 Pxfk ri wklv frpprq lqvwlwxwlrqdo sdvw uhpdlqv lq sodfh dqg rhuv d frpsdudwlyh
oderudwru| zklfk dxwrpdwlfdoo| frqwurov iru pdq| rwkhuzlvh hoxvlyh frxqwu|0vshflf idfwruv1 Vhfrqg/
hyhq wkrxjk wkh wzr frxqwulhv vkduhg vlplodu lqlwldo frqglwlrqv/ lw lv jhqhudoo| dfnqrzohgjhg wkdw
wudqvirupdwlrq iurp fhqwudo sodqqlqj lqwr d pdunhw hfrqrp| +lqfoxglqj sulydwl}dwlrq, vwduwhg hduolhu
dqg surjuhvvhg iduwkhu lq wkh F}hfk Uhsxeolf +vhh Vyhmqdu/ lq suhvv/ dqg wkh uhihuhqfhv wkhuhlq,1
Wklug/ wkh xqhpsor|phqw udwhv zhuh pxfk kljkhu lq Vorydnld wkdq lq wkh F}hfk odqgv iurp wkh
rxwvhw ri wudqvlwlrq16 Wkh frpsdulvrq ehwzhhq wkhvh frxqwulhv lv wkhuhiruh rqh ehwzhhq d udslg dqg
vxffhvvixo uhirup dqg d voxjjlvk kljk0xqhpsor|phqw wudqvirupdwlrq1
6Wkh xqhpsor|phqw udwhv zhuh 71;( iru F}hfk phq dqg :16( iru F}hfk zrphq dqg 4515( iru Vorydn phq dqg
4617( iru Vorydn zrphq lq wkh vdpsoh0shulrg txduwhuv ri 4<<; +vhh vhfwlrq Gdwd,1 Kdp hw do1 +4<<<, surylgh wkh wlph
hyroxwlrq ri xqhpsor|phqw lq erwk frxqwulhv vlqfh wkh ehjlqqlqj ri wudqvlwlrq1
651 Edfnjurxqg
Dw uvw jodqfh/ wkh ohyho ri jhqghu htxdolw| xqghu frppxqlvp kdv ehhq lpsuhvvlyh1 Lqghhg/ wkh
htxdolw| ri phq dqg zrphq zdv rqh ri wkh surfodlphg dgydqwdjhv ri wkh frppxqlvw v|vwhp1 Wkh
v|vwhp vxssruwlqj wklv htxdolw| zdv/ krzhyhu/ dxwkrulwdwlyh/ udwkhu wkdq uljkwv0edvhg1 Wkh ixoo
hpsor|phqw srolf| vwlsxodwhg wkdw doo deoh0erglhg lqglylgxdov kdg wr zrun dqg zdjhv dqg sulfhv
zhuh vhw vr wkdw rqo| rqh lqfrph shu idplo| phdqw qhdu sryhuw|1 Prvw zrphq wkhuhiruh zrunhg/7
exw wkh| dovr kdg ixoo dffhvv wr hgxfdwlrq dqg khdowk fduh1 Dv pdq| rwkhu uljkwv lpsrvhg
xqghu fhqwudo sodqqlqj/ wkh uljkw wr jhqghu htxdolw| uhvxowhg lq zkdw kdv ehhq vrphwlphv whuphg
dq doohuj| wr ihplqlvp1 Ixuwkhu/ wkh v|vwhp lqfoxghg lqvwlwxwlrqdol}hg dwwlwxghv wrzdug wuhdwlqj
zrphq dv vshflf oderu irufh dqg riwhq uhvxowhg lq vhyhuh rffxsdwlrqdo vhjuhjdwlrq18 Vhh Rjoreolq
+4<<<,/ zkr surylghv d ghwdlohg glvfxvvlrq ri wkh uhohydqw lqvwlwxwlrqdo edfnjurxqg rq jhqghu lq
frppxqlvp1
Lq dffrugdqfh zlwk wkh r!fldo srolf| ri jhqghu htxdolw|/ sd| glhuhqwldwlrq edvhg rq jhqghu zdv
uhvwulfwhg xqghu fhqwudo sodqqlqj1 Zdjhv zhuh vhw dffruglqj wr lqgxvwu|0vshflf zdjh julgv ydu|lqj
rqo| zlwk wkh gl!fxow| ri wkh mre dqg zlwk wkh zrunhu*v hgxfdwlrq dqg h{shulhqfh/ qrw jhqghu
+P qlfk hw do1/ 4<<<,1 Hyhq wkrxjk wkh srvvlelolw| ri jhqghu zdjh glvfulplqdwlrq zdv vhyhuho|
olplwhg lq frppxqlvw F}hfkrvorydnld e| wkh lpsrvlwlrq ri wkhvh zdjh julgv/ jhqghu zdjh jdsv zhuh
vxevwdqwldo1 Lq 4<;;/ zrphq hduqhg rq dyhudjh rqo| 980:4 shufhqw ri phq*v zdjhv +Mdfnpdq dqg
Uxwnrzvnl/ 4<<7> Kdp hw do1/ 4<<8, dqg wkhvh glhuhqfhv duh jhqhudoo| dwwulexwhg wr glvfulplqdwru|
surprwlrq sudfwlfhv dqg wr vhjuhjdwlrq ri zrphq lqwr orz0sd|lqj rffxsdwlrqv1
7Oderu irufh sduwlflsdwlrq udwhv zhuh h{wuhpho| kljk iru erwk vh{hv xqghu fhqwudo sodqqlqj dqg ghfolqhg gxulqj
hduo| wudqvlwlrq1 Wkh ghfolqh zdv rqo| vrphzkdw idvwhu iru zrphq wkhq iru phq +vhh Kdp hw do1/ 4<<</ dqg wkh
uhihuhqfhv wkhuhlq,1 Lq 4<<;/ wkh F}hfk +Vorydn, sduwlflsdwlrq udwh iru djhv 48097 zdv ;3 +:6, shufhqw iru phq dqg 97
+93, shufhqw iru zrphq1
8Wkh sdvw dqg fxuuhqw Oderu Frghv ri wkh F}hfk dqg Vorydn Uhsxeolfv duh yhu| vlplodu wr oderu pdunhw ohjlvodwlrq
ri rwkhu WHv1 Wkh| surklelw zrphq iurp fhuwdlq w|shv ri dugxrxv zrun dqg hqwlwoh prwkhuv wr xs wr 6 |hduv ri
pdwhuqlw| ohdyh1 Vhh Sdxnhuw +4<<4, iru d glvfxvvlrq ri jhqghu lvvxhv lq wkh F}hfk oderu pdunhw1
7Iroorzlqj wkh froodsvh ri frppxqlvp/ zdjh uhjxodwlrqv zhuh txlfno| derolvkhg dqg d zhdowk
ri vwxglhv vxppdul}hg e| Vyhmqdu +lq suhvv, grfxphqwv d udslg lqfuhdvh lq zdjh glvshuvlrq gxulqj
wudqvlwlrq/ xqghuolqhg lq sduw e| lqfuhdvhv lq uhwxuqv wr hgxfdwlrq19 Vnloo0uhodwhg zdjh glhuhqwldov
nhsw ulvlqj hyhq lq wkh plg wr odwh 4<<3v/ exw wkh surfhvv vhhpv wr kdyh frqyhujhg wr d uhodwlyho|
vwdeoh zdjh vwuxfwxuh dw ohdvw lq wkh F}hfk Uhsxeolf dqg Vorydnld +Ilohu hw do1/ 4<<<,1 Wrgd|/
zdjh julgv/ uhvwudlqlqj jhqghu sd| glhuhqwldwlrq/ duh xvhg rqo| lq wkh exgjhwdu| vhfwru +sxeolf
dgplqlvwudwlrq/ hgxfdwlrq/ dqg khdowk,/ dqg urrp iru sd| glvfulplqdwlrq lv uhodwlyho| rshq lq wkh
xquhjxodwhg qrq0exgjhwdu| vhfwru1 Wklv lv olnho| wr fkdqjh zlwk wkh lqwurgxfwlrq dqg hqirufhphqw
ri wkh zhvwhuq0vw|oh dqwl0glvfulplqdwlrq srolflhv1
Uhfhqwo|/ wkh olwhudwxuh lqyhvwljdwlqj wkh hyroxwlrq ri wkh zdjh srvlwlrq ri zrphq gxulqj wudq0
vlwlrq kdv udslgo| jurzq1 Vhh/ h1j1/ Rud}hp dqg Yrgrslyhf +4<<8, iru Voryhqld> Kxqw +4<<;, iru
Hdvw Jhupdq|> dqg Qhzhoo dqg Uhloo| +4<<9,/ Eudlqhug +4<<;,/ Uhloo| +4<<<,/ dqg Rjoreolq +4<<<,
iru Uxvvld1 Kxqw uvw grfxphqwv d whq shufhqwdjh srlqw idoo lq wkh Hdvw Jhupdq jhqghu sd| jds
gxulqj wkh uvw kdoi ri wkh 4<<3v dqg wkhq h{sodlqv 73( ri wklv ulvh lq uhodwlyh ihpdoh zdjhv e| wkh
zlwkgudzdo iurp hpsor|phqw ri zrunhuv hduqlqj orz zdjhv dw wkh rxwvhw ri wudqvlwlrq1 Lq Uxvvld*v
hduo| wudqvlwlrq/ Qhzhoo dqg Uhloo| +4<<9, qg wkdw olwwoh ri lwv 63( zdjh jds fdq eh h{sodlqhg
e| jhqghu glhuhqfhv lq surgxfwlyh fkdudfwhulvwlfv/ dqg Uhloo| +4<<<, ixuwkhu grfxphqwv wkdw wkh
ryhudoo zdjh jds lq Uxvvld zdv txlwh vwdeoh ehwzhhq 4<<5 dqg 4<<9/ zkloh ryhudoo zdjh lqhtxdo0
lw| lqfuhdvhg gudpdwlfdoo|1 Rjoreolq*v +4<<<, vwxg| lv forvho| uhodwhg wr wkh suhvhqw uhvhdufk lq lwv
dwwhpsw wr fdswxuh wkh hhfw ri rffxsdwlrqdo vhjuhjdwlrq rq zdjhv1 Xvlqj d qdwlrqdoo| uhsuhvhqwd0
wlyh Uxvvldq krxvhkrog vxuyh| iurp 4<<504<<9/ kh qgv/ vlplodu wr Qhzhoo dqg Uhloo| +4<<9,/ wkdw
wkh jhqghu sd| jds fdqqrw eh h{sodlqhg e| jhqghu glhuhqfhv lq hgxfdwlrq dqg h{shulhqfh dorqh1
Rjoreolq wkhq ixuwkhu frqglwlrqv rq lqgxvwu| dqg up rzqhuvkls gxpplhv dv zhoo dv rq d fodvv ri
9Fkdvh +4<<;, hvwlpdwhv wkh zdjh uhwxuqv wr hgxfdwlrq iru F}hfk dqg Vorydn zrunhuv xqghu frppxqlvp dqg gxulqj
hduo| wudqvlwlrq1 Kh qgv vxevwdqwldo lqfuhdvhv lq vnloo zdjh glhuhqwldov iru erwk phq dqg zrphq1 Hyhq wkrxjk wklv
lqfuhdvh kdv ehhq idvwhu iru phq/ uhwxuqv uhpdlq kljkhu iru zrphq1 Wklv lv vkrzq wr eh lq sduw gxh wr ihpdoh
sduwlflsdwlrq vhohfwlrq hhfwv1 Dffruglqj wr Ilohu hw do1 +4<<<,/ uhwxuqv wr hgxfdwlrq xqfruuhfwhg iru vhohfwlrq uhpdlq
kljkhu iru zrphq wkdq iru phq lq erwk frxqwulhv hyhq lq wkh plg0wr0odwh 4<<3v1
8rffxsdwlrqdo gxpplhv/ fdswxulqj ryhuzkhoplqjo| pdoh dqg ihpdoh rffxsdwlrqv1: Kh qgv wkdw
wkhvh dgglwlrqdo frqwurov dffrxqw iru ryhu ;3( ri wkh ryhudoo zdjh jds dqg vlqjohv rxw rffxsdwlrqdo
vhjuhjdwlrq dv wkh prvw lpsruwdqw ghwhuplqdqw ri jhqghu hduqlqjv glhuhqwldov lq Uxvvld1
Wklv vwxg| h{whqgv wkh h{lvwlqj olwhudwxuh e| frqwuroolqj iru zlwklq0hvwdeolvkphqw irupv ri zrun0
sodfh vhjuhjdwlrq/ e| dqdo|}lqj jhqghu zdjh glhuhqfhv lq wkh F}hfk dqg Vorydn Uhsxeolfv/ dqg e|
rhulqj uhfhqw dqg srolf|0wdujhwhg hylghqfh rq wkh vwuxfwxuh ri wkh jhqghu zdjh jds lq wudqvlwlrq
frxqwulhv1
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Wkh gdwd frph iurp qdwlrqdo hpsor|hu vxuyh|v/ fdoohg Lqirupdwlrq V|vwhp rq Dyhudjh Hduqlqjv
+LVDH,/ lq zklfk upv uhsruw krxuo| zdjhv ri wkhlu hpsor|hhv1; +Erwk frxqwulhv dovr frqgxfw
krxvhkrog vxuyh|v ri lqglylgxdov/ exw wkhvh Oderu Irufh Vxuyh|v gr qrw dvn derxw zdjhv1, Iru hdfk
up/ wkh gdwd lqfoxghv wkh lqgxvwu| ri rshudwlrq dqg up*v rzqhuvkls w|sh +sulydwh/ vwdwh/ iruhljq/
ru pl{hg,/ zkloh wkh uhjlrq ri rshudwlrq lv uhfrughg vhsdudwho| iru hdfk hvwdeolvkphqw ri d pxowl0
xqlw up1 Rqo| upv zlwk pruh wkdq 43 hpsor|hhv duh fryhuhg lq wkh vdpsoh1 Sduwlflsdwlqj upv
uhsruw krxuo| zdjhv/ jhqghu/ hgxfdwlrq/ djh/ dqg d ghwdlohg rffxsdwlrqdo fodvvlfdwlrq +edvhg rq
wkh Lqwhuqdwlrqdo Vwdqgdug Fodvvlfdwlrq ri Rffxsdwlrqv 4<;;, iru doo zrunhuv wkh| hpsor| h{fhsw
wrs pdqdjhphqw1 Wkh gdwd uhfrugv duh gudzq gluhfwo| iurp frpsdqlhv* shuvrqqho gdwdedvhv xvlqj
vriwzduh ghyhorshg e| wkh gdwd0froohfwlrq djhqflhv1 Kdylqj dydlodeoh d phdvxuh ri krxuo| zdjh
udwhv lv lghdo iru wkh sxusrvh ri hvwlpdwlqj glhuhqfhv lq wkh sd| ri phq dqg zrphq ehfdxvh ri wkh
jhqghu glhuhqfhv lq krxuv zrunhg1 Ixuwkhupruh/ wkh ghqlwlrq ri krxuo| zdjh lv ghwdlohg dqg ixoo|
:Iliwhhq vxfk gxpp| yduldeohv duh lqfoxghg lq klv uhjuhvvlrqv fryhulqj doo 70gljlw rffxsdwlrqv zlwklq hdfk rqh0gljlw
rffxsdwlrqdo jurxs zklfk kdyh pruh wkdq :3( ri hlwkhu ihpdoh ru pdoh zrunhuv1
;Wkh vxuyh|v/ lqfoxghg e| wkh F}hfk dqg Vorydn Vwdwlvwlfdo R!fhv dprqj wkh qdwlrqdo reoljdwru| lqtxlulhv/ duh
froohfwhg e| d sulydwh djhqf| rq ehkdoi ri wkh F}hfk Plqlvwu| ri Oderu dqg Vrfldo Ddluv dqg wkh Vorydn Plqlvwu| ri
Oderu/ Vrfldo Ddluv dqg Idplo|1 Wkh| duh frpsdwleoh zlwk wkh Hxurshdq Hduqlqjv Frvw Lqgh{ dqg frruglqdwhg e|
wkh Hxurshdq Vwdwlvwlfdo R!fh1
9frqvlvwhqw dfurvv upv1< Wkh xqliruplw| ri wkh zdjh ghqlwlrq dqg wkh xvh ri shuvrqqho uhfrugv
plqlpl}lqj wkh h{whqw ri uhsruwlqj huuruv pdnh wkh gdwd xqltxh dw ohdvw lq wkh wudqvlwlrq frqwh{w1
Wkh gdwd rewdlqhg iru wkh dqdo|vlv frqvlvwv ri hpsor|hhv iurp sduwlflsdwlqj upv iurp wkh uvw
txduwhu ri 4<<; iru wkh F}hfk Uhsxeolf dqg d udqgrpo| gudzq rqh0lq0wkuhh vxe0vdpsoh ri hpsor|hhv
iurp Vorydn upv iurp wkh wklug txduwhu ri 4<<;1 Wkh ruljlqdo LVDH vdpsohv iurp wklv shulrg fryhu
dssur{lpdwho| 68 dqg 55( ri wkh hqwluh F}hfk dqg Vorydn hqwhusulvh hpsor|phqw uhvshfwlyho|1 Lq
wkh F}hfk Uhsxeolf/ wkh vdpsoh lqfoxghv 4947 upv dqg hvwdeolvkphqwv/ zklfk irup d wrwdo ri <<<
upv/ vrph pxowl0xqlw1 Lq wkh Vorydn vdpsoh/ wkhuh duh 98; upv/ frqvlvwlqj ri :68 upv dqg wkhlu
hvwdeolvkphqwv143
Sduwlflsdwlqj upv zhuh gudzq udqgrpo| zlwklq vdpsolqj vwudwd/ ghqhg e| wkh surgxfw ri dq
lqgxvwu| fodvvlfdwlrq dqg hpsor|phqw0vl}h fdwhjrulhv1 Krzhyhu/ wkh vwudwd0vshflf srsxodwlrq fry0
hudjh/ ghqhg dv wkh udwlr ri wkh qxpehu ri vdpsohg hvwdeolvkphqwv wr wkh qxpehu ri hvwdeolvkphqwv
lq wkh hfrqrp| zlwklq d jlyhq vdpsolqj vwudwd/ lv wkh uhvxow ri d qxpehu ri glvfuhwlrqdu| ghflvlrqv
rq wkh sduw ri wkh gdwd froohfwlrq djhqflhv1 Froohfwlrq ri wklv gdwd ehjdq lq 4<<6 zkhq wkh vdpsoh
frqwdlqhg d ihz odujh upv1 Wkh vdpsohv zhuh judgxdoo| hqodujhg lq hdfk frxqwu| e| udqgrp vdp0
solqj lq vwudwd zkhuh fryhudjh zdv uhodwlyho| orz1 Wklv lv idu iurp dq lghdo vdpsolqj vwudwhj|1 Lw
xqghu0uhsuhvhqwv qhzo| eruq upv dqg grhv qrw ixoo| fruuhvsrqg wr prghuq suredelolw| vdpsolqj
surfhgxuhv1 Wkh uhvxowlqj vdpsohv odfn uhsuhvhqwdwlyhqhvv zlwk uhvshfw wr erwk vdpsolqj fulwhuld=
wkh lqgxvwuldo vwuxfwxuh dqg vl}h1 Wkh vwuxfwxuh ri hdfk vdpsoh lv suhvhqwhg lq wkh dsshqgl{ Wdeohv
D04 dqg D051 Wkh frpsrvlwlrq ri wkh gdwd lv zhljkwhg wrzdug odujh hvwdeolvkphqwv dqg pdqxidf0
wxulqj lqgxvwulhv/ vlplodu wr wkh pdwfkhg hpsor|hu0hpsor|hh gdwd xvhg e| Ed|dug hw do1 +4<<<,144
<Hdfk txduwhu/ hpsor|huv lq wkh F}hfk dqg Vorydn Uhsxeolfv duh ohjdoo| uhtxluhg wr fdofxodwh iru hdfk zrunhu
dq dyhudjh krxuo| zdjh/ ghqhg dv wrwdo fdvk frpshqvdwlrq lqfoxglqj erqxvhv dqg rwkhu vshfldo sd|phqwv glylghg
e| wrwdo krxuv zrunhg iru wkdw txduwhu1 Wklv dyhudjh zdjh lv wkhq xvhg iru fdofxodwlqj vlfnqhvv dqg xqhpsor|phqw
ehqhwv1
43D pdmrulw| ri wkh hvwdeolvkphqwv ehorqjv wr ihz odujh sxeolf ru vwdwh0rzqhg upv/ vxfk dv wkh qdwlrqdo udlourdgv1
44Vhh Derzg dqg Nudpdu} +lq suhvv, zkr surylgh d vxuyh| ri wkh h{lvwlqj pdwfkhg hpsor|hu0hpsor|hh gdwd vhwv1
:Wkh gdwd fryhuv/ krzhyhu/ hvvhqwldoo| doo lqgxvwulhv dqg rffxsdwlrqv lq erwk frxqwulhv1 Wkh LVDH
vdpsohv qrw rqo| surylgh wkh rqo| vrxufh ri uhfhqw zdjh lqirupdwlrq lq wkh F}hfk Uhsxeolf dqg
Vorydnld/ exw wr p| nqrzohgjh/ wkh| duh dovr wkh rqo| pdwfkhg hpsor|hu0hpsor|hh gdwd iurp dq|
wudqvlwlrq frxqwu|1
Wr uhfryhu srsxodwlrq vwdwlvwlfv dv forvho| dv srvvleoh/ zhljkwv uh hfwlqj wkh vdpsolqj surfhgxuh
zhuh fdofxodwhg e| glylglqj wkh srsxodwlrq iuhtxhqf| ri upv zlwklq vwudwd fhoov e| wkh fruuhvsrqglqj
vdpsoh iuhtxhqf|145 Wkh srsxodwlrq glvwulexwlrq lv edvhg rq hqg0ri0|hdu up uhjlvwhuv/ zklfk duh
frpslohg e| wkh Vwdwlvwlfdo R!fhv ri hdfk frxqwu| dqg frqwdlq vxppdu| lqirupdwlrq rq doo h{lvwlqj
upv lq wkh hfrqrp|146 Wkh up uhjlvwhuv duh dovr xvhg dv vdpsolqj iudphv e| wkh gdwd froohfwlrq
djhqflhv1 Xqiruwxqdwho|/ wkh uhjlvwhuv dsshdu wr eh ri sureohpdwlf txdolw| iru wkh vpdoohvw up0vl}h
fdwhjrulhv1 +Uhylvhg vwdwlvwlfv duh riwhq sxeolvkhg zlwk vljqlfdqw ghod|/ zklfk glhu juhdwo| iurp
wkh ruljlqdoo| sxeolvkhg uhvxowv1, Ixuwkhu/ wkh LVDH vdpsohv lqfoxgh rqo| d yhu| vpdoo iudfwlrq
ri h{lvwlqj upv zlwk ihzhu wkdq 433 hpsor|hhv1 Wkh dqdo|vlv lv wkhuhiruh edvhg rq d vdpsoh ri
upv hpsor|lqj pruh wkdq 433 zrunhuv/ frqwdlqlqj :59/968 zrunhuv lq 996 F}hfk upv dqg 445/9<;
zrunhuv lq 776 Vorydn upv1
Pxfk ri wkh dqdo|vlv frqglwlrqv rq wkh zrunhuv* dwwdlqhg hgxfdwlrq ohyho/47 zklfk lv krzhyhu
plvvlqj iru d odujh iudfwlrq ri zrunhuv +58( lq F}hfk dqg 45( lq Vorydn gdwd,1 Hgxfdwlrq kdv
wkhuhiruh ehhq lpsxwhg edvhg rq wkh lq0vdpsoh lqirupdwlrq1 Ilyh eurdg hgxfdwlrqdo dwwdlqphqw
fdwhjrulhv zhuh iruphg dqg wkh prvw iuhtxhqw ydoxh iru wkrvh zrunhuv uhsruwlqj hgxfdwlrq zlwklq
70gljlw rffxsdwlrqdo fdwhjrulhv kdv ehhq dvvljqhg dv wkh suhglfwhg ydoxh vhsdudwho| iru hdfk vh{ dqg
45Iru Vorydnld/ L dovr kdg dffhvv wr srsxodwlrq hpsor|phqw jxuhv e| vwudwd1 Zhljkwv edvhg rq vwudwd hpsor|phqw
zhuh ixoo| frpsdudeoh/ krzhyhu/ wr zhljkwv edvhg rq wkh vwudwd0vshflf qxpehu ri upv1 Iru wkh F}hfk Uhsxeolf/
rqo| wkh up iuhtxhqflhv duh dydlodeoh> wkhuhiruh/ L xvh wkh up0ohyho zhljkwv lq erwk frxqwulhv1
46Iru wkh F}hfk Uhsxeolf/ L xvh wkh 4<<: uhjlvwhu wr dssur{lpdwh wkh srsxodwlrq ri upv lq wkh uvw txduwhu ri
4<<;1 Iru Vorydnld/ wkh 4<<; uhjlvwhu lv xvhg wr dssur{lpdwh wkh 6ug txduwhu 4<<; srsxodwlrq1
47Dv zlwk prvw rwkhu gdwd iurp wudqvlwlrq hfrqrplhv/ hgxfdwlrq lv uhsruwhg dv wkh kljkhvw ghjuhh rewdlqhg udwkhu
wkdq dv |hduv ri vfkrrolqj dfwxdoo| dwwhqghg1 Vhh Fkdvh +4<<;, dqg Ilohu hw do1 +4<<<, iru d eulhi ghvfulswlrq ri wkh
F}hfk dqg Vorydn hgxfdwlrqdo v|vwhp dqg lwv vhyhudo sdwkv wkdw vwxghqwv pd| iroorz1
;frxqwu|1 Wkh jhqghu phdq zdjh glhuhqfhv e| hgxfdwlrq ghjuhh edvhg rq hlwkhu wkh uhsruwhg ru
wkh lpsxwhg phdvxuh ri hgxfdwlrq duh lq prvw fdvhv doprvw lghqwlfdo1
Dsshqgl{ Wdeohv D05 dqg D06 frpsduh zhljkwhg dqg xqzhljkwhg phdqv edvhg rq wkh LVDH
gdwd1 Zhljkwlqj lq prvw fdvhv orzhuv wkh phdq zdjh hvwlpdwh dv pruh zhljkw lv jlyhq wr vpdoohu
upv/ zklfk sd| orzhu zdjhv1 Wkh dyhudjh krxuo| zdjh lq wkh F}hfk qrq0sxeolf vhfwru ghfuhdvhv
e| derxw 9 F}hfk Furzqv +F]N, iru erwk vh{hv dv d uhvxow ri zhljkwlqj1 Wkh hhfw lv vpdoohu lq
wkh F}hfk sxeolf vhfwru dqg Vorydn qrq0sxeolf vhfwru dqg lv dfwxdoo| uhyhuvhg iru sxeolf zdjhv lq
Vorydnld/ zkhuh fryhudjh lv pxfk orzhu wkdq hovhzkhuh1 H{fhsw iru up wrwdo hpsor|phqw/ zklfk
fruuhvsrqgv wr rqh ri wkh zhljkwlqj glphqvlrqv/ rwkhu yduldeohv duh olwwoh dhfwhg e| zhljkwlqj1
Frpsdulqj wkh wzr hfrqrplhv/ wkh glhuhqfhv lq hgxfdwlrqdo dwwdlqphqw duh uhodwlyho| plqru1
Erwk frxqwulhv vkduhg wkh vdph lqvwlwxwlrqdo lqiudvwuxfwxuh xqwlo 4<<6/ dqg rqh fdq h{shfw vrph
ri wklv frpprq sdvw wr vwloo ghwhuplqh wkh rffxsdwlrqdo vwuxfwxuh dqg wkh sdwwhuqv ri hpsor|phqw
e| jhqghu1 Wkhuh duh pruh sulydwh upv lq wkh F}hfk hfrqrp|/ krzhyhu/ dqg d uhodwlyho| odujhu
sruwlrq ri wkh Vorydn hpsor|phqw lv lq vwdwh0rzqhg exvlqhvv1 Wklv uh hfwv wkh jhqhudo surjuhvv ri
pdunhg0rulhqwhg wudqvirupdwlrq lq wkh wzr frxqwulhv/ phqwlrqhg lq wkh lqwurgxfwru| vhfwlrq1
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D ydvw olwhudwxuh dlphg dw phdvxulqj wkh h{whqw ri zdjh glvfulplqdwlrq kdv iroorzhg Rd{dfd +4<:6,
lq ghfrpsrvlqj wkh ryhudoo phdq zdjh glhuhqfh ehwzhhq wkh dgydqwdjhg +phq, dqg glvdgydqwdjhg
+zrphq, lqwr wzr sduwv= wkh uvw uh hfwlqj wkh glhuhqfh lq dyhudjh surgxfwlyh hqgrzphqwv ri
lqglylgxdov lq hdfk jurxs dqg wkh vhfrqg sduw gxh wr wkh glhuhqfhv lq frh!flhqwv1 Iroorzlqj wklv
dssurdfk/ rqh uvw hvwlpdwhv orjdulwkplf zdjh uhjuhvvlrqv vhsdudwho| iru hdfk jhqghu/ frqwuroolqj
iru h{sodqdwru| yduldeohv1 Wkh ghfrpsrvlwlrq whfkqltxh uholhv rq wkh idfw wkdw wkh wwhg uhjuhvvlrqv
sdvv wkurxjk wkh vdpsoh phdqv dv iroorzv=
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<zkhuh i ghqrwhv ihpdohv dqg p ghqrwhv pdohv/ oqz￿ lv wkh jhqghu0vshflf phdq ri wkh qdwxudo
orjdulwkp ri krxuo| zdjh/ dqg zkhuh [￿ duh wkh uhvshfwlyh yhfwruv ri phdq ydoxhv ri h{sodqdwru|
yduldeohv iru phq dqg zrphq1 Ilqdoo|/ g 6 dqg f s duh wkh fruuhvsrqglqj yhfwruv ri hvwlpdwhg
frh!flhqwv1 D jhqhudo irup ri wkh phdq zdjh ghfrpsrvlwlrq lv dv iroorzv=
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zkhuh h  uhsuhvhqwv d frxqwhu0idfwxdo qrq0glvfulplqdwru| zdjh vwuxfwxuh1 Wkh uvw whup rq wkh uljkw
kdqg vlgh ri htxdwlrq 5 uhsuhvhqwv wkdw sduw ri wkh wrwdo orjdulwkplf zdjh glhuhqfh zklfk vwhpv
iurp wkh glhuhqfh lq dyhudjh surgxfwlyh fkdudfwhulvwlfv dfurvv jhqghu1 Wkh vhfrqg whup ruljlqdwhv
lq wkh glhuhqfhv lq jhqghu0vshflf frh!flhqwv iurp wkh qrq0glvfulplqdwru| zdjh vwuxfwxuh dqg lv
riwhq lqwhusuhwhg dv uh hfwlqj zdjh glvfulplqdwlrq148
Wkhuh duh d qxpehu ri yduldqwv ri wklv phwkrg ghshqglqj rq krz rqh vlpxodwhv wkh qrq0
glvfulplqdwru| zdjh vwuxfwxuh1 Rd{dfd dqg Udqvrp +4<<7, vxjjhvw wkh xvh ri uhjuhvvlrq frh!flhqwv
rewdlqhg e| hvwlpdwlqj d zdjh uhjuhvvlrq rq d srrohg gdwd0vhw lqfoxglqj erwk phq dqg zrphq/ du0
jxlqj wkdw wkh| surylgh d jrrg hvwlpdwh ri d frpshwlwlyh qrq0glvfulplqdwru| qrup1 L iroorz wkhlu
vxjjhvwlrq1 Lq p| hpslulfdo zrun/ L ixuwkhu dvvxph/ iroorzlqj Jurvkhq +4<<4, dqg Ed|dug hw do1
+4<<<,/ wkdw wkh pdoh dqg ihpdoh frh!flhqwv duh htxdo +h{fhsw iru wkh frqvwdqw whup,1 Wkhvh wzr
dvvxpswlrqv +6 @ s @ h , uhgxfh wkh uljkw kdqg vlgh ri htxdwlrq 5 wr lwv uvw whup149 Wkhuhiruh/
L lqlwldoo| hvwlpdwh vwdqgdug orjdulwkplf zdjh uhjuhvvlrqv ri wkh iroorzlqj irup=
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zkhuh z￿￿ ghqrwhv wkh krxuo| zdjh ri wkh l0wk zrunhu lq wkh m0wk up/ dqg zkhuh I￿￿ @4li wkh
zrunhu lv ihpdoh dqg htxdov 3 rwkhuzlvh1 M ghqrwhv wkh qxpehu ri upv lq wkh vdpsoh dqg Q￿ lv wkh
48Wkhuh kdyh ehhq remhfwlrqv wr wklv ghfrpsrvlwlrq dssurdfk1 Iluvw/ e| irfxvlqj rq wkh phdq jds/ lw ljqruhv
phdqlqjixo glhuhqfhv lq jhqghu0vshflf zdjh glvwulexwlrqv1 Vhfrqg/ li fkdudfwhulvwlfv zklfk pljkw glhu ehwzhhq
pdohv dqg ihpdohv duh rplwwhg lq wkh yhfwru ri uhjuhvvruv/ wkh frqwulexwlrq ri wkhvh fkdudfwhulvwlfv zloo eh fdswxuhg
e| wkh frqvwdqw whup dqg zloo huurqhrxvo| dsshdu lq wkh phdvxuh ri glvfulplqdwlrq1
49Wkh htxdolw| ri ihpdoh dqg pdoh frh!flhqwv zdv uhod{hg e| Ed|dug hw do1 +4<<<, zlwkrxw txdolwdwlyho| dhfwlqj
wkhlu uhvxowv1
43qxpehu ri zrunhuv lq wkh m0wk up1 Xqghu wkh dvvxpswlrq ri htxdolw| ri frh!flhqwv/ wkh hvwlpdwhg
ihpdoh hhfw e  fdq eh lqwhusuhwhg dv wkh sxuh +shufhqwdjh, hhfw ri jhqghu rq zdjhv wr wkh h{whqw
wkdw wkh hhfw ri rwkhu fkdudfwhulvwlfv kdyh ehhq dffrxqwhg iru e| wkh yhfwru [￿￿> zklfk frqvlvwv ri
doo rwkhu revhuyhg zrunhu dqg up vshflf fkdudfwhulvwlfv1
Lq wkh qh{w vwhs/ L djdlq iroorz Jurvkhq +4<<4, dqg Ed|dug hw do1 +4<<<, lq hvwlpdwlqj wkh
hhfw ri jhqghu vhjuhjdwlrq rq zdjhv e| dovr frqglwlrqlqj rq wkh ihpdohqhvv ri rffxsdwlrqv/
hvwdeolvkphqwv/ dqg mre fhoov1 Wkh h{whqw ri vhjuhjdwlrq lv fdswxuhg e| wkh shufhqw ihpdoh +S,l qd
jlyhq jurxs ri hpsor|hhv=
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Khuh/ wkh hohphqwv ri wkh S yhfwru duh wkh phdvxuhv ri jhqghu vhjuhjdwlrq/ l1h1/ wkh iudfwlrq ri ihpdoh
hpsor|phqw lq wkh lm zrunhu*v rffxsdwlrq/ up/ dqg mre fhoo1
Wkh vshflf qdwxuh ri wkh vdpsolqj surfhgxuh glvfxvvhg lq Vhfwlrq 6 uhvxowv lq d odfn ri uhsuh0
vhqwdwlyhqhvv ri wkh LVDH gdwd dfurvv vwudwd1 Iru lqvwdqfh/ vpdoo upv/ zklfk w|slfdoo| sd| orzhu
zdjhv/ duh uhodwlyho| xqghu0uhsuhvhqwhg lq wkh vdpsohv1 Wklv vkrxog eh uh hfwhg lq fdofxodwlqj phdq
zdjhv +dqg phdq zdjh glhuhqfhv ehwzhhq phq dqg zrphq, e| surshuo| uh0zhljkwlqj phdqv iurp
hdfk vwudwd1 Zhljkwlqj lq uhjuhvvlrq/ krzhyhu/ lv qrw rqo| dq rog exw dovr d frqwuryhuvldo wrslf14:
Xqghu wkh dvvxpswlrq wkdw uhjuhvvlrq frh!flhqwv duh lghqwlfdo dfurvv vwudwd/ erwk ROV dqg ZOV
hvwlpdwruv duh frqvlvwhqw/ dqg ROV lv h!flhqw1 Li wkh sdudphwhu yhfwruv glhu iru hdfk vdpsolqj
vwudwd v @4 >===>V vr wkdw r 9@ /z k h u h
￿
 +>￿>
￿
, iurp htxdwlrq 7/ d uhjuhvvlrq vorsh hvwlpdwru
dqdorjrxv wr wkh phdq hvwlpdwru lv d zhljkwhg dyhudjh ri vwudwd0vshflf uhjuhvvlrq hvwlpdwhv=
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zkhuh Zr @ q3￿qr duh zhljkwv uh hfwlqj wkh srsxodwlrq vkduhv ri hpsor|hhv lq hdfk vwudwd/4; dqg
4:Wklv vhfwlrq uholhv khdylo| rq Ghdwrq +4<<:/ ss1 9:0:5,1
4;Wkh srsxodwlrq frxqwv ri hpsor|hhv e| vwudwd duh qrw dydlodeoh iru wkh LVDH gdwd dqg wkh| kdyh wr eh frqwuxfwhg
iurp wkh srsxodwlrq qxpehu ri upv e| vwudwd/ r Ghqrwlqj wkh vdpsoh ydoxhv ri vwudwd0vshflf qxpehu ri upv dqg
hpsor|hhv dv i r dqg h ?r uhvshfwlyho|/ L hvwlpdwh wkh srsxodwlrq frxqwv dv e ?r '

i r
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44zkhuh e r l vd qR O Vh v w l p d w he d v h gr qr e v h u y d w l r q vi u r pv w u d w x pv=
Shukdsv vxusulvlqjo|/ wkh zhljkwhg ohdvw vtxduhv +ZOV, surfhgxuh dssolhg wr srrohg gdwd iurp
doo vwudwd uhvxowv lq dq hvwlpdwru e ‘u7/
e ‘u7 @
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zklfk lv qrw frqvlvwhqw iru wkh zhljkwhg dyhudjh ri wkh vwudwd sdudphwhuv = Khuh/ j Zr @+ i qr,
3￿qr>
zkhuh i qr uhsuhvhqwv wkh vdpsoh ydoxhv ri vwudwd0vshflf qxpehu ri hpsor|hhv/ ]r lv wkh gdwd pdwul{
iru vwudwxp v frqirupdeoh wr wkh ghqlwlrq ri  jlyhq deryh/ dqg oqzr lv wkh froxpq yhfwru ri oqz￿￿
iru l>m 5 v=4< Qrwh wkdw wkh ZOV uhjuhvvlrq zhljkwv wkh vwudwd0vshflf frh!flhqw e r qrw rqo| e|
j Zr> exw dovr e| pdwul{ zhljkwv ]
￿
r]r fruuhvsrqglqj wr wkh suhflvlrq ri e r153 Wkh ZOV hvwlpdwru
lv frqvlvwhqw iru  li wkh sdudphwhu yduldwlrq dfurvv vwudwd lv lqghshqghqw ri wkh prphqw pdwulfhv
dqg li wkh qxpehu ri vwudwd lv odujh +vhh/ h1j1/ Ghdwrq/ 4<<:/ s1 :3,1
Gxh wr wkh LVDH vdpsolqj surfhgxuh/ hdfk LVDH vwudwd fdq eh wkrxjkw ri dv dq lqghshqghqw
vxuyh|/ exw wkh h{whqw ri vdpsolqj dfurvv vwudwd +dqg wkh suhflvlrq ri hdfk e r,l vq r wz h o og h  q h g 1
Ixuwkhu/ Shvdudq hw do1 +lq suhvv, qrwh wkdw qhjohfwlqj frh!flhqw khwhurjhqhlw| fdq uhvxow lq vljqli0
lfdqw hvwlpdwhv ri lqfruuhfwo| lqfoxghg uhjuhvvruv dqg eldv rwkhu sdudphwhuv hyhq li wkh huurqhrxvo|
lqfoxghg yduldeohv duh ruwkrjrqdo wr wkh wuxh uhjuhvvruv1 Rqh pd| wkhuhiruh eh lqwhuhvwhg lq whvw0
lqj iru wkh suhvhqfh ri sdudphwhu khwhurjhqhlw|1 Vxfk whvwv duh edvhg rq frpsdulqj e ‘u7 zlwk
e ￿u7 hvwlpdwhg r srrohg xqzhljkwhg gdwd1 Erwk hvwlpdwruv zloo eh frqvlvwhqw lq wkh devhqfh ri
khwhurjhqhlw|/ exw wkh| zloo glhu li sdudphwhuv ydu| dfurvv vwudwd1 D yhuvlrq ri wkh whvw edvhg rq
Kdxvpdq +4<:;, fdq eh frqgxfwhg e| uxqqlqj dq dx{loldu| uhjuhvvlrq/
oqzr @ ]r . j Zr]r . y> zlwk v @4 >===>V> +:,
4<Wr vhh wkh lqfrqvlvwhqf|/ dvvxph wkdw wkh vwudwd sursruwlrqv duh khog {hg dv wkh vdpsoh vl}h jurzv1 Wkhq
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53Suhflvlrq pdwul{ zhljkwv duh lpsolflwo| xvhg e| ROV dqg JOV/ lqfoxglqj/ h1j1/ wkh udqgrp frh!flhqwv prgho1
45dqg whvwlqj wkh qxoo k|srwkhvlv Kf =  @3 1 +Zlwk kxqguhgv ri wkrxvdqgv ri gdwd srlqwv/ lw lv yhu|
olnho| wkdw dq| k|srwkhvlv zloo eh uhmhfwhg1,
Lq wkh vxevhtxhqw dqdo|vlv/ L suhvhqw wzr w|shv ri uhjuhvvlrq hvwlpdwhv1 Wkh uvw lv edvhg rq d
ZOV uhjuhvvlrq hvwlpdwhg xvlqj srrohg gdwd iurp doo vwudwd1 Wkh vhfrqg lv edvhg rq htxdwlrq 8/
zklfk L uhihu wr dv vsolw0vdpsoh zhljkwlqj1 Wkh fdofxodwlrq ri vwdqgdug huuruv iru erwk vhwv ri uhvxowv
doorzv iru dq| irup ri xqfrqglwlrqdo khwhurvfhgdvwlflw| dv zhoo dv lqwhughshqghqfh ri huuru whupv
zlwklq upv1 Wklv lv lpsruwdqw ehfdxvh shuvrq vshflf huuru whupv zloo qrw eh lqghshqghqw zlwklq
upv lq pdwfkhg hpsor|hu0hpsor|hh gdwd vxfk dv wkh LVDH1 Wr fdswxuh wklv up0ohyho foxvwhulqj L
xvh d sdqho gdwd yhuvlrq ri wkh Kxehu2Zklwh hvwlpdwru=
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zkhuh e r￿ @o q zr￿  ]r￿e r lv wkh froxpq yhfwru ri hvwlpdwhg huuru whupv iru hpsor|hhv ri wkh m0
wk hvwdeolvkphqw lq vwudwxp v= +Wkh vxevfulsw v lv gursshg zkhq fdofxodwlqj wkh ZOV yduldqfh
fryduldqfh pdwul{1,
81 Uhvxowv
Wkh vlpsohvw frpsdulvrq ri pdoh dqg ihpdoh zdjhv frqglwlrqv rq rqo| rqh h{sodqdwru| fkdudf0
whulvwlf dw d wlph1 Wdeoh 4 rhuv vxfk frpsdulvrq/ edvhg rq zhljkwhg gdwd lq hdfk frxqwu| dqg
vhfwru1 Hdfk wdeoh hqwu| lv d shufhqwdjh phdq0zdjh glvdgydqwdjh ri zrphq iru d sduwlfxodu zrunhu
ru up fdwhjru|1 Wkhuh dsshduv wr eh d orzhu phdq jhqghu zdjh jds iru zrunhuv zlwk rqo| sulpdu|
hgxfdwlrq +uhsuhvhqwlqj ; wr < |hduv ri vfkrrolqj,/ h{fhsw iru wkh Vorydn sxeolf vhfwru/ zkhuh uhod0
wlyho| olwwoh gdwd lv lqfoxghg lq wkh vdpsoh1 Ixuwkhu/ kljkhu djh vhhpv wr lpso| odujhu jhqghu sd|
glhuhqwldov/ hvshfldoo| iru zrunhuv ehorz 83 |hduv ri djh1 Wklv lqlwldo lqfuhdvh lq wkh jds zlwk djh
pd| eh fdxvhg e| pdwhuqlw| ohdyhv rq wkh sduw ri zrphq1 Wkh ryhudoo jds lv vpdoohvw iru hpsor|hhv
r if r 0 r s h u d w l y h vl qe r w kf r x q w u l h vd q gk l j k h ul qd o or z q h u v k l sf d w h j r u l h vl qw k hF } h f kU h s x e o l f
frpsduhg wr Vorydnld1 Wkhuh grhv qrw dsshdu wr eh d vwurqj sdwwhuq zlwk uhvshfw wr up vl}h/
h{fhsw shukdsv iru wkh suhvhqfh ri vrphzkdw orzhu sd| jdsv lq vpdoohu upv1
46Zkloh wkhvh uhvxowv pd| eh lqwhuhvwlqj/ wkh| gr qrw surylgh hqrxjk jxlgdqfh iru srolf| sxusrvhv
vlqfh wkh| gr qrw srlqw wr wkh vrxufhv ri wkh jhqghu sd| glhuhqfhv1 Rqh ri wkhvh srwhqwldo vrxufhv
lv jhqghu vhjuhjdwlrq/ zklfk lv phdvxuhg lq wklv sdshu e| wkh iudfwlrq ri ihpdohv lq d sduwlfxodu
rffxsdwlrq/ up/ ru mre fhoo +ghqhg dv d jurxs ri zrunhuv zlwk wkh vdph rffxsdwlrq zlwklq d up,1
Ixuwkhu/ wr fdswxuh wkh h{whqw wr zklfk zrphq duh hpsor|hg dv vxshuylvruv/ wkh iudfwlrq ri ihpdohv
dprqj hdfk upv* vxshuylvru| zrunirufh lv dovr fdofxodwhg1 +Wklv vwdwlvwlf lv ri dgglwlrqdo lqwhuhvw
dv ihpdoh vxshuylvruv pd| eh deoh wr orzhu wkh ryhudoo sd| jds zlwklq wkh upv wkh| zrun iru1,
Wkh phdq ydoxhv ri wkh iudfwlrq0ihpdoh vwdwlvwlfv duh uhsruwhg lq dsshqgl{ Wdeohv D06 dqg D07154
D vwulnlqj sdwwhuq lpphgldwho| vwdqgv rxw= wkh sxeolf vhfwru hpsor|v pruh wkdq 6 wlphv dv pdq|
zrphq dv phq lq erwk frxqwulhv1 Zkloh wkhuh duh pruh phq wkdq zrphq zrunlqj lq wkh qrq0sxeolf
vhfwru/ wkh udwlr lv qrw dv gudpdwlf1 Frqvhtxhqwo|/ wkhuh dsshduv wr eh pruh vhjuhjdwlrq +d kljkhu
iudfwlrq ri ihpdohv e| rffxsdwlrq/ up/ ru mre fhoo, lq wkh sxeolf vhfwruv wkdq lq qrq0exgjhwdu|
hpsor|phqw1 Frpsdulqj wkh wzr frxqwulhv/ wkh h{whqw ri vhjuhjdwlrq lv vrphzkdw kljkhu lq wkh
F}hfk Uhsxeolf lq erwk vhfwruv1
D ghwdlohg slfwxuh ri jhqghu hpsor|phqw vhjuhjdwlrq lv rhuhg lq Iljxuhv 4 wr 6/ zkhuh wkh
zhljkwhg0vdpsoh glvwulexwlrq ri wkh iudfwlrq0ihpdoh vwdwlvwlfv lv sorwwhg1 Iljxuh 4 frpsduhv wkh
glvwulexwlrq ri wkh iudfwlrq ri ihpdoh hpsor|phqw lq 5: 50gljlw rffxsdwlrqv dfurvv vhfwruv dqg
frxqwulhv1 Wkh ryhudoo sdwwhuq lv uhpdundeo| vlplodu lq wkh wzr hfrqrplhv1 Lq wkh sxeolf vhfwruv/
yhu| ihz zrunhuv duh hpsor|hg lq rffxsdwlrqv zkhuh ohvv wkdq d kdoi ri wkh hpsor|hhv duh zrphq1 Lq
wkh qrq0sxeolf vhfwruv/ wkh glvwulexwlrq ri ihpdohqhvv ri rffxsdwlrqv lv uhodwlyho| xqlirup1 Wklv lv
lq vwdun frqwudvw wr d k|srwkhwlfdo vhjuhjdwlrq0iuhh glvwulexwlrq1 Li wkh vdpsoh zrunhuv zhuh dvvljqhg
udqgrpo| wr rffxsdwlrqv +dqg vhfwruv,/ wkh glvwulexwlrq zrxog froodsvh durxqg wkh wrwdo iudfwlrq
ihpdoh lq wkh vdpsoh/ zklfk lv derxw 78( lq erwk frxqwulhv diwhu zhljkwlqj dqg frpelqlqj wkh wzr
54Lq wkh F}hfk Uhsxeolf/ L zdv dovr deoh wr irup dq rffxsdwlrqdo vhjuhjdwlrq phdvxuh xvlqj wkh 4<<9 Plfurfhqvxv
gdwdvhw/ zklfk lv d krxvhkrog vxuyh| frqgxfwhg e| wkh F}hfk Vwdwlvwlfdo R!fh hyhu| irxu |hduv1 Lw lqfoxghv 45
wkrxvdqg hpsor|hg zrphq dqg 46 wkrxvdqg hpsor|hg phq/ iru zkrp wkh phdq ydoxhv ri wkh iudfwlrq ihpdoh lq
50gljlw rffxsdwlrq lq 4<<9 duh 3197; dqg 31663 uhvshfwlyho|/ txlwh frpsdudeoh wr wkh LVDH vwdwlvwlfv iru 4<<;1
47vhfwruv1
Wkh glvwulexwlrq ri vhjuhjdwlrq ri phq dqg zrphq lqwr glhuhqw upv lv fdswxuhg lq Iljxuh 51
Djdlq/ wkh wzr frxqwulhv dsshdu yhu| vlplodu zlwk uhvshfw wr wklv phdvxuh ri zrunsodfh vhjuhjdwlrq/
dowkrxjk lq wkh sxeolf vhfwru/ wkh F}hfk glvwulexwlrq lv pruh vnhzhg wrzdug cihpdoh* upv1 Djdlq/
jlyhq wkh odujh dyhudjh up vl}h lq wkh vdpsoh/ udqgrp dvvljqphqw ri zrunhuv wr wkhvh upv zrxog
uhvxowv lq doprvw doo zrunhuv ehlqj hpsor|hg lq upv zkhuh 78( ri hpsor|hhv duh zrphq1
Mre0fhoo vhjuhjdwlrq dsshduv wr eh txlwh lqwhqvh lq Iljxuh 6/ lq wkdw derxw d wklug ri sxeolf0vhfwru
zrunhuv lq erwk frxqwulhv zrunv lq mre fhoov zkhuh doprvw doo hpsor|hhv duh zrphq1 Ixuwkhupruh/
ghvslwh wkh uhodwlyho| xqlirup glvwulexwlrq ri rffxsdwlrqdo vhjuhjdwlrq lq wkh qrq0sxeolf vhfwruv/
odujh vslnhv dsshduv lq wkh qrq0sxeolf mre0fhoo glvwulexwlrqv dv derxw 58( ri zrunhuv duh hpsor|hg lq
doprvw ixoo| cpdoh* mre fhoov1 Wkhvh vslnhv duh suhvhuyhg zkhq rqo| mre fhoov zlwk 43 ru pruh zrunhuv
duh xvhg lq jhqhudwlqj wkh glvwulexwlrqv vlqfh ohvv wkhq 43( ri zrunhuv lq wkh Vorydn gdwd dqg derxw
6( ri F}hfk0vdpsoh hpsor|hhv zrun lq vxfk vpdoo mre fhoov155 Vxshulpsrvhg rq wkh klvwrjudpv
ri mre0fhoo vhjuhjdwlrq duh vlpxodwhg glvwulexwlrqv edvhg rq udqgrp dvvljqphqw ri vdpsoh zrunhuv
wr mre fhoov156 Wkh frpsdulvrq wr wkhvh vhjuhjdwlrq0iuhh glvwulexwlrqv srlqwv wr vljqlfdqw jhqghu
vhjphqwdwlrq ri mre fhoov1
Wkh iudfwlrq0ihpdoh phdvxuhv zloo odwhu eh xvhg wr dffrxqw iru d sduw ri wkh ryhudoo jhqghu sd|
jds1 Exw uvw/ L zloo h{soruh wkh vwdqgdug kxpdq fdslwdo h{sodqdwlrqv/ dv zhoo dv vrxufhv ri wkh sd|
glhuhqfhv/ wkdw duh olqnhg wr up fkdudfwhulvwlfv1 Wkh vlpsoh zdjh frpsdulvrqv suhvhqwhg lq Wdeoh
4 idlo wr srlqw wr wkh vrxufh ri wkh ihpdoh2pdoh zdjh jds1 Wkh vxevhtxhqw dqdo|vlv zloo wkhuhiruh eh
edvhg rq orjdulwkplf zdjh uhjuhvvlrqv/ judgxdoo| h{sdqglqj wkh vhw ri h{sodqdwru| yduldeohv1 Wdeoh
5 suhvhqwv wkh hvwlpdwhv ri wkh ihpdoh gxpp| iurp d vhtxhqfh ri vshflfdwlrqv1 Lq froxpq +4,/
wkh ihpdoh gxpp| hvwlpdwh lv uhsruwhg edvhg rq d uhjuhvvlrq zkhuh qr rwkhu h{sodqdwru| yduldeohv
55Uhfdoo wkdw wkh Vorydn gdwd frqvlvwv ri d udqgrp rqh0lq0wkuhh vxevdpsoh ri zrunhuv iurp sduwlflsdwlqj upv1
56Wkhvh glvwulexwlrqv duh vlpxodwhg e| wdnlqj wkh vh{hv* ryhudoo vdpsoh vkduhv dqg wkh vdpsoh vl}h glvwulexwlrq ri
mre fhoov dv jlyhq1 Xqolnh lq wkh fdvh ri up dqg rffxsdwlrqdo vhjuhjdwlrq/ wkh mre0fhoo glvwulexwlrqv gr qrw qhduo|
froodsvh rq wkh iudfwlrq ri zrphq lq wkh vdpsoh1 Wklv lv fdxvhg e| wkh vpdoohu qxpehu ri zrunhuv shu mre fhoo1
48duh xvhg1 Wklv ryhudoo/ xqzhljkwhg orjdulwkplf zdjh jds lv derxw 315; lq erwk vhfwruv ri wkh F}hfk
hfrqrp|1 Wklv lv vxusulvlqj lq oljkw ri wkh gudpdwlf glhuhqfh lq wkh ihpdoh iudfwlrq ri hpsor|phqw
lq hdfk vhfwru/ dqg vxjjhvwv wkdw wkh sulpdu| fdxvh ri wkh F}hfk zdjh jds grhv qrw kdyh wr gr
zlwk wkh glylvlrq ri oderu ehwzhhq wkh exgjhwdu| dqg hqwuhsuhqhxuldo vhfwruv1 Wkh xqdgmxvwhg
xqzhljkwhg jds lv vpdoohu lq Vorydnld= 314; lq wkh sxeolf vhfwru dqg derxw 3157 hovhzkhuh1
Uhvxowv edvhg rq wkh vsolw0vdpsoh zhljkwlqj surfhgxuh +vhh Vhfwlrq 7, duh suhvhqwhg lq froxpq
+5,1 Wkh Kdxvpdq0w|sh whvw iru suhvhqfh ri lpsruwdqw sdudphwhu khwhurjhqhlw| dfurvv vwudwd +edvhg
rq htxdwlrq : dqg xvlqj hvwlpdwhv ri wkh fryduldqfh pdwul{ iurp htxdwlrq BB,v l j q d o vw k hq h h gi r u
zhljkwlqj lq hyhu| hvwlpdwhg vshflfdwlrq157 Zhljkwlqj orzhuv doo ri wkh ihpdoh gxpp| frh!flhqwv/
zlwk wkh odujhvw ghfuhdvh lq wkh F}hfk sxeolf vhfwru1
Wkh qh{w txhvwlrq lv krz pxfk ri wkh orjdulwkplf zdjh jds +uhsuhvhqwhg e| wkh ihpdoh gxpp|,
fdq eh dffrxqwhg iru e| jhqghu glhuhqfhv lq zrunhuv* surgxfwlyh fkdudfwhulvwlfvB Lq froxpq +6,/
L wkhuhiruh frqglwlrq rq zrunhuv* djh dqg hgxfdwlrq1 Wklv uhgxfhv wkh xqzhljkwhg hvwlpdwh ri wkh
F}hfk sxeolf0vhfwru ihpdoh gxpp| e| derxw ; shufhqwdjh srlqwv dv zrphq duh pruh olnho| wr kdyh
vhfrqgdu| hgxfdwlrq/ zkloh wkh iudfwlrq ri froohjh hgxfdwhg lv kljkhu iru phq +vhh Wdeoh D06 iru
pruh ghwdlov dqg uhfdoo wkdw wkh zdjh julgv xvhg lq wkh exgjhwdu| vhfwru fhphqw wkh ghshqghqfh
ri zdjhv rq hgxfdwlrq,1 Lq Vorydnld*v sxeolf vhfwru/ wkh uhgxfwlrq lq wkh ihpdoh gxpp| hvwlpdwh
lv hyhq pruh surqrxqfhg dqg uhvxowv lq d vwulnlqjo| orz frh!flhqw1 Wkh sdudphwhu hvwlpdwh gursv
iurp derxw 314; wr ohvv wkdq 31; zkhq kxpdq fdslwdo fkdudfwhulvwlfv duh wdnhq lqwr dffrxqw1 Wklv
lv djdlq gxh wr dq xqhyhqo| kljk iudfwlrq ri froohjh hgxfdwhg pdoh sxeolf hpsor|hhv1 Lq frqwudvw/
wkh zdjh jds lv dfwxdoo| lqfuhdvhg e| frqglwlrqlqj rq kxpdq fdslwdo fkdudfwhulvwlfv lq erwk wkh
F}hfk dqg Vorydn qrq0exgjhwdu| vhfwruv/ dv wkh ryhudoo glvwulexwlrq ri hgxfdwlrq ghjuhhv lv plogo|
idyrudeoh iru zrphq1 +D vlplodu uhvxow zdv rewdlqhg e| Rjoreolq/ 4<<<1, Wkh fkdqjhv lq zhljkwhg
frh!flhqwv ehwzhhq froxpqv +5, dqg +7, pluuru wkh sdwwhuq ri wkh xqzhljkwhg hvwlpdwhv1
Rjoreolq +4<<<, vxjjhvwv wkdw prvw ri wkh Uxvvldq jhqghu sd| jds fdq eh h{sodlqhg e| frqgl0
57Wkh whvw lv kljko| vwdwlvwlfdoo| vljqlfdqw lq hyhu| vshflfdwlrq dqg vhfwru> wkhuhiruh/ L gr qrw uhsruw wkh whvw
ydoxhv1 Wkh| duh dydlodeoh xsrq uhtxhvw1
49wlrqlqj rq lqgxvwuldo dqg rzqhuvkls gxpplhv/ dv zhoo dv rq wkh h{whqw ri vhjuhjdwlrq e| rffxsdwlrq1
Froxpqv +8, dqg +9, ri Wdeoh 5 uhsruw vshflfdwlrqv h{sorulqj wkh uvw kdoi ri klv k|srwkhvlv iru wkh
F}hfk dqg Vorydn Uhsxeolfv1 Lw dsshduv wkdw frqwuroolqj iru d txdgudwlf lq up vl}h +hpsor|phqw,
dv zhoo dv iru d vhw ri gxpp| yduldeohv uh hfwlqj 50gljlw lqgxvwuldo fodvvlfdwlrq/ rzqhuvkls w|sh/
dqg jhrjudsklfdo orfdwlrq ri wkh up ru lwv hvwdeolvkphqw grhv qrw wdnh dzd| prvw ri wkh ihpdoh
gxpp| hvwlpdwh1 Lq erwk ri wkh F}hfk vhfwruv/ dqg lq wkh Vorydn qrq0sxeolf hfrqrp|/ wkh uhgxfwlrq
lq wkh xqzhljkwhg ihpdoh gxpp| lv derxw 7 wr 8 shufhqwdjh srlqwv/ dqg wkh ghfuhdvh lq hvwlpdwhv
lv hyhq vpdoohu zkhq zhljkwlqj lv dssolhg lq froxpq +9,1
Ixuwkhu hylghqfh rq krz pxfk ri wkh jhqghu zdjh jds lv gxh wr ehwzhhq0 dv rssrvhg wr zlwklq0
hvwdeolvkphqw frpsrqhqwv lv suhvhqwhg lq froxpqv +:, dqg +;, ri Wdeoh 51 Wklv vshflfdwlrq lqfoxghv
qrw rqo| zrunhu0vshflf surgxfwlyh fkdudfwhulvwlfv/ exw dovr d vhw ri up {hg hhfwv158 Wkh ihpdoh
gxpp| hvwlpdwhv fkdqjh olwwoh1 Lw dsshduv wkdw wkh up0ohyho frqwurov xvhg lq wkh suhylrxv froxpqv
fdswxuhg prvw ri wkh upv* lpsdfw rq jhqghu sd| glhuhqfhv lq doo irxu vhfwruv1 Lq vxppdu|/
hpsor|hu lghqwlw| sod|v d vhfrqgdu| exw vwloo dq lpsruwdqw uroh lq wkh ghwhuplqdwlrq ri wkh jhqghu
sd| jds lq erwk frxqwulhv1
Wkh uvw wzr froxpqv ri Wdeoh 6 h{soruh wkh h{whqw wr zklfk rffxsdwlrqdo vhjuhjdwlrq gulyhv
wkh jhqghu zdjh glhuhqfhv e| frqglwlrqlqj rq wkh shufhqw ri ihpdoh hpsor|phqw zlwklq 50gljlw
rffxsdwlrqdo fodvvlfdwlrq dv zhoo dv rq doo zrunhuv* dqg upv* fkdudfwhulvwlfv1 Rffxsdwlrqdo vhj0
uhjdwlrq lq doo fdvhv h{fhsw iru wkh Vorydn sxeolf vhfwru vljqlfdqwo| orzhuv erwk ihpdoh dqg pdoh
zdjhv lq rffxsdwlrqv/ zkhuh d odujhu iudfwlrq ri zrphq lv hpsor|hg1 Wkh ihpdoh gxpp| frh!flhqw
lv uhgxfhg dv d uhvxow ri lqwurgxflqj wkh rffxsdwlrqdo vhjuhjdwlrq phdvxuh/ exw wkh ghfuhdvh lv uho0
dwlyho| vpdoo frpsduhg wr froxpqv +:, dqg +;, ri Wdeoh 5/ hvshfldoo| lq wkh zhljkwhg vshflfdwlrqv1
Wkh F}hfk dqg Vorydn hvwlpdwhv wkhuhiruh vxjjhvw wkdw rffxsdwlrqdo vhjuhjdwlrq lv qrw wkh sulpdu|
vrxufh ri zdjh glhuhqfhv ehwzhhq phq dqg zrphq lq Fhqwudo Hxurshdq wudqvlwlrq hfrqrplhv/ lq
vwdun frqwudvw wr Rjoreolq*v +4<<<, dqdo|vlv ri Uxvvldq zdjhv1
58Vhh Fduulqjwrq dqg Wurvnh +4<<;, iru d vlplodu dqdo|vlv frqgxfwhg iru X1V1 pdqxidfwxulqj/ zkhuh d odujh sruwlrq
ri wkh zdjh jds fdq eh h{sodlqhg e| frqwuroolqj iru hpsor|hu lghqwlw|1
4:Froxpqv +6, dqg +7, ri Wdeoh 6 dvn zkhwkhu rffxsdwlrqdo vhjuhjdwlrq dhfwv zdjhv dfurvv upv
ru zlwklq upv1 Wkh qhzo| lqwurgxfhg uhjuhvvru fdswxuhv wkh shufhqw ri ihpdoh hpsor|phqw zlwklq
qduurzo| ghqhg mre fhoov1 Wkh uhjuhvvlrq hvwlpdwhv vxjjhvw wkdw mre fhoo vhjuhjdwlrq lv dw ohdvw dv
lpsruwdqw dv rffxsdwlrqdo vhjuhjdwlrq dv lw ixuwkhu orzhuv wkh ihpdoh gxpp| frh!flhqw hvwlpdwh
dqg lq prvw fdvhv gulyhv wkh rffxsdwlrqdo frh!flhqw rxw ri vwdwlvwlfdo vljqlfdqfh1
Wkh LVDH vdpsohv fryhu 5: 50gljlw rffxsdwlrqv lq erwk frxqwulhv/ zkloh dw wkh 70gljlw ohyho/
wkhuh duh 874 rffxsdwlrqv lq wkh F}hfk gdwd dqg 7<: lq wkh Vorydn vdpsoh1 Wkh fkrlfh ri 50gljlw
rffxsdwlrqdo fodvvlfdwlrq iru fdswxulqj vhjuhjdwlrq lv uhodwlyho| duelwudu|1 Lq sduwlfxodu/ vhjuhjdwlrq
phdvxuhv edvhg rq d pruh ghwdlohg fodvvlfdwlrq vxjjhvw pruh vhjuhjdwlrq +vhh Wdeohv D06 dqg D0
7,1 Froxpqv +8, dqg +9, wkhuhiruh rhu d gluhfw frpsdulvrq wr froxpqv +6, dqg +7, e| hvwlpdwlqj
wkh vdph vshflfdwlrq/ exw xvlqj d 70gljlw rffxsdwlrqdo fodvvlfdwlrq iru fdofxodwlqj vhjuhjdwlrq
phdvxuhv1 Hyhq wkrxjk vrph ri wkh frh!flhqwv fkdqjh/ wkh txdolwdwlyh uhvxowv uhpdlq xqdhfwhg>
wkhuhiruh/ L surfhhg zlwk wkh 50gljlw fodvvlfdwlrq1
Wkh ulfkhvw vshflfdwlrq lv suhvhqwhg lq froxpq +:,/ zkhuh d up0ohyho vhjuhjdwlrq phdvxuh lv
dgghg wr wkh olvw ri fryduldwhv/ wrjhwkhu zlwk wkh iudfwlrq ri ihpdohv dprqj hdfk up*v vxshuylvru|
zrunhuv159 Lq wkh F}hfk Uhsxeolf/ wkh ihpdoh gxpp| dqg wkh mre0fhoo vhjuhjdwlrq frh!flhqw duh vwd0
wlvwlfdoo| vljqlfdqw dw wkh 4( ohyho dqg wkh up0ohyho vhjuhjdwlrq sdudphwhu lv pdujlqdoo| vljqlfdqw
lq wkh qrq0sxeolf vhfwru1 Lq wkh Vorydn sxeolf vhfwru/ erwk wkh qhjdwlyh hhfw ri mre fhoo vhjuhjdwlrq
dqg wkh srvlwlyh frh!flhqw ri wkh ihpdoh iudfwlrq ri vxshuylvru| zrunirufh duh pdujlqdoo| vljqlfdqw1
Wkh hhfw ri up0ohyho vhjuhjdwlrq lv odujh dqg suhflvho| hvwlpdwhg lq wkh Vorydn qrq0sxeolf vhfwru/
dv lv wkh rffxsdwlrqdo vhjuhjdwlrq frh!flhqw1 Ixuwkhu/ lq wkh F}hfk sxeolf vhfwru/ derxw rqh wklug
ri wkh ruljlqdo ihpdoh gxpp| frh!flhqw iurp froxpq +4, ri Wdeoh 5 uhpdlqv diwhu L frqglwlrq rq doo
irupv ri vhjuhjdwlrq dv zhoo dv rq doo rwkhu dydlodeoh h{sodqdwru| fkdudfwhulvwlfv1 Wklv cxqh{sodlqhg*
iudfwlrq uhdfkhv derxw wzr wklugv lq erwk wkh F}hfk dqg Vorydn qrq0sxeolf vhfwruv/ vxjjhvwlqj wkdw
59Qr vxshuylvru| zrunirufh zdv uhsruwhg iru d iudfwlrq ri upv dqg wkhvh upv zhuh rplwwhg iurp wkh vxevhtxhqw
dqdo|vlv1 Wklv odfn ri gdwd rq vxshuylvruv pd| eh d uhvxow ri upv qrw uhsruwlqj vxshuylvru| zrunirufh wrjhwkhu zlwk
wrs pdqdjhphqw ru plvfrglqj wkh rffxsdwlrqdo fodvvlfdwlrq1
4;srwhqwldo ylrodwlrqv ri wkh htxdo sd| surylvlrq duh pxfk pruh lpsruwdqw rxwvlgh ri wkh exgjhwdu|
vhfwruv1 Lq Vorydnld*v sxeolf vhfwru/ wkh ihpdoh gxpp| hvwlpdwh ri froxpq +:, lv ohvv wkdq rqh
txduwhu ri wkh wrwdo sd| jds/ vxjjhvwlqj yhu| olwwoh vfrsh iru jhqghu sd| glvfulplqdwlrq1 Xqiruwx0
qdwho|/ wkh LVDH gdwd grhv qrw surylgh ixoo fryhudjh ri wkh Vorydn sxeolf vhfwru/ vr wklv uhvxow/ zkloh
lqwhuhvwlqj/ vkrxog eh jlyhq ohvv zhljkw lq whupv ri srolf| lpsolfdwlrqv wkdq wkh hvwlpdwhv iurp wkh
rwkhu wkuhh vhfwruv1
Vrph ri wkh vsolw0vdpsoh zhljkwhg hvwlpdwhv suhvhqwhg lq froxpq +;, duh xqvwdeoh zkhq frpsduhg
wr froxpq +:,1 Wklv lv vr ehfdxvh wkh iudfwlrq ri ihpdohv dv zhoo dv wkh iudfwlrq ri ihpdoh vxshuylvruv
lq d up rqo| ydu| dfurvv upv/ zkloh wkh qxpehu ri upv zlwklq vwudwd lv riwhq vpdoo +vhh Wdeohv
D04 dqg D05,1 Wkh vsolw0vdpsoh zhljkwhg hvwlpdwhv duh frqvwuxfwhg iurp vwudwd0vshflf uhjuhvvlrqv
dqg rqh frh!flhqw rxwolhu edvhg rq d vpdoo qxpehu ri upv fdq grplqdwh wkh dyhudjhg uhvxow1 Wkh
ihpdoh gxpp| hvwlpdwhv/ krzhyhu/ uhpdlq ixoo| xqdhfwhg dqg frqup wkh frqfoxvlrqv jlyhq lq wkh
suhfhglqj sdudjudsk1
Vlplodu wr wkh gdwd xvhg e| Rjoreolq +4<<<, lq Uxvvld/ wkh F}hfk dqg Vorydn LVDH vxuyh|v gr
qrw lqfoxgh lqirupdwlrq rq dfwxdo ohqjwk ri oderu pdunhw h{shulhqfh dqg2ru wkh qxpehu ri fkloguhq1
Lw lv wkhuhiruh lpsrvvleoh wr dffxudwho| fdswxuh wkh glhuhqw oderu pdunhw h{shulhqfh ri phq dqg
zrphq5: dqg wr frqwuro iru lpsruwdqw surgxfwlylw|0uhodwhg fkdudfwhulvwlfv1 Wklv lv prvw olnho| wr
eldv wkh ihpdoh gxpp| frh!flhqw xszdug1 Pdwhuqlw|0uhodwhg jhqghu glhuhqfhv lq oderu pdunhw
h{shulhqfh fdq eh h{shfwhg wr eh vpdoohvw iru erwk roghu frkruwv ri zrunhuv/ zkhuh wkh hhfw ri
suhylrxv oderu pdunhw lqwhuuxswlrqv pd| eh douhdg| zlshg rxw/ dqg |rxqjhu frkruwv/ zklfk kdyh
kdg uhodwlyho| ihz ohdyhv iurp wkh oderu pdunhw15; Wr wkh h{whqw wkdw wkhvh jhqghu glhuhqfhv duh
suhvxpdeo| orzhu lq wkh |rxqjhu dqg roghu frkruwv/ L dwwhpsw wr plqlpl}h wkh pdwhuqlw|0uhodwhg
5:Zrphq lq wkh F}hfk dqg Vorydn Uhsxeolfv uho| rq dq h{whqvlyh sxeolf v|vwhp ri fklog0fduh/ jhqhurxv idplo|
doorzdqfhv/ dqg jxdudqwhhg pdwhuqlw| ohdyhv ri xs wr 6 |hduv1
5;Gxulqj wudqvlwlrq/ |rxqj zrphq ehfdph pruh olnho| wr vxevwlwxwh fduhhuv iru hduo| prwkhukrrg1 Ehwzhhq 4<<6
dqg 4<<:/ wkh qxpehu ri fkloguhq eruq shu 4333 zrphq djhg 53057 ghfuhdvhg iurp 47819 wr ;818 lq wkh F}hfk Uhsxeolf
dqg iurp 4991: wr 43915 lq Vorydnld +Fkduohv Xqlyhuvlw|/ 4<<<> Vorydn Vwdwlvwlfdo R!fh/ 4<<;,1
4<eldv e| vhsdudwho| hvwlpdwlqj wkh suhihuuhg vshflfdwlrq +froxpq : ri Wdeoh 6, iru zrunhuv djhg
ryhu 73 dqg xqghu 581 Wkhuh uhvxowv duh suhvhqwhg lq froxpqv +<, wr +45, ri Wdeoh 61 Wkh ihpdoh
gxpp| hvwlpdwhv edvhg rq wkh roghu frkruw uhpdlq ixoo| frpsdudeoh wr wkh ryhudoo uhvxowv +zlwk
wkh h{fhswlrq ri wkh Vorydn sxeolf vhfwru,1 Wkh uhvxowv iru wkh |rxqjhu frkruw/ krzhyhu/ rhu d yhu|
glhuhqw slfwxuh/ hvshfldoo| lq wkh qrq0sxeolf vhfwruv/ zkhuh wkh vfrsh iru htxdo sd| dfw ylrodwlrqv
ehfrphv pxfk vpdoohu1 Wkhuh duh wzr srwhqwldo h{sodqdwlrqv iru wkhvh uhvxowv1 \rxqjhu zrphq pd|
eh sdlg uhodwlyho| pruh htxdoo| wr phq dv d uhvxow ri kdylqj kdg ihzhu oderu pdunhw lqwhuuxswlrqv1
Dowhuqdwlyho|/ wkhlu fduhhu sdwkv dqg uhpxqhudwlrq sudfwlfhv pd| glhu ixqgdphqwdoo| iurp wkrvh ri
roghu zrphq zkr kdg vshqw prvw ri wkhlu zrunlqj olih xqghu frppxqlvp1 Wkh vhfrqg h{sodqdwlrq
lv sduwlfxoduo| lqwhuhvwlqj dqg ghvhuyhv ixuwkhu dwwhqwlrq lq ixwxuh uhvhdufk1
Lq Vorydnld/ rqo| d udqgrp rqh0lq0wkuhh vxevdpsoh ri zrunhuv iurp vxuyh|hg upv zdv xvhg
lq wkh dqdo|vlv1 Wklv lpsolhv wkdw wkh vhjuhjdwlrq phdvxuhv/ hvshfldoo| wkrvh uhodwhg wr lqglylgxdo
upv/ pd| eh phdvxuhg zlwk huuru +vhh Ed|dug hw do1/ 4<<<,1 Wkhuhiruh/ L dovr frpsduh wkh ihpdoh
gxpp| frh!flhqw iurp wkh suhihuuhg vshflfdwlrq ri froxpq +:, ri Wdeoh 6 wr lwv hvwlpdwh iurp d
mre0fhoo {hg hhfw vshflfdwlrq iurp froxpqv +<, wr +43, ri Wdeoh 51 Mre fhoo {hg hhfwv devrue doo
lqgxvwu|/ rffxsdwlrq/ dqg up hhfwv dqg dffrxqw iru dq| irup ri vhjuhjdwlrq lq d ixoo| xquhvwulfwhg
idvklrq1 Wkh ihpdoh gxpp| hvwlpdwhv iurp wkh mre0fhoo {hg hhfw vshflfdwlrqv duh rqo| vrphzkdw
odujhu/ vxjjhvwlqj d plqru hhfw ri phdvxuhphqw huuru1
Wkhvh vhqvlwlylw| whvwv gr qrw uhmhfw froxpq +:, ri Wdeoh 6 dv d suhihuuhg vshflfdwlrq> wkhuhiruh/ L
xvh lw lq doo irxu vhfwruv wr fdofxodwh d phdq zdjh ghfrpsrvlwlrq1 Wdeoh 7 uhsruwv wkh ghfrpsrvlwlrq
uhvxowv edvhg rq htxdwlrq 5 iru wkh F}hfk sxeolf vhfwru1 Wkh uvw froxpq olvwv wkh xqdgmxvwhg
xqzhljkwhg ryhudoo sd| jds iurp wkh uvw froxpq ri Wdeoh 5/ zkloh froxpq +5, ri Wdeoh 7 uhsruwv
prvw ri wkh sdudphwhu hvwlpdwhv iurp wkh vshflfdwlrq uhsruwhg lq froxpq +:, ri Wdeoh 61 Derxw d
wklug ri wkh ryhudoo jhqghu zdjh jds lv gxh wr jhqghu glhuhqfhv lq zdjhv wkdw uhpdlq diwhu frqwuroolqj
iru doo dydlodeoh h{sodqdwru| fkdudfwhulvwlfv1 Dqrwkhu wklug lv h{sodlqhg e| wkh vhjuhjdwlrq ri zrphq
lqwr orz0sd|lqj rffxsdwlrqv dqg mre fhoov1 Ilqdoo|/ wkh odvw wklug ri wkh sd| jds lv dwwulexwdeoh wr
53xqhyhq glvwulexwlrq ri hgxfdwlrq dprqj phq dqg zrphq lq wkh F}hfk exgjhwdu| vhfwru1 Vshflfdoo|/
phq duh pxfk pruh olnho| wr kdyh xqlyhuvlw| hgxfdwlrq wkdq zrphq1
Dv phqwlrqhg hduolhu/ wkh slfwxuh lv gudpdwlfdoo| glhuhqw lq erwk wkh F}hfk dqg Vorydn qrq0
sxeolf vhfwru +vhh Wdeohv 8 dqg :,1 Khuh/ doprvw wzr wklugv ri wkh ryhudoo sd| jds uhpdlq xqh{sodlqhg
e| rwkhu idfwruv dqg wkh srwhqwldo vfrsh iru jhqghu sd| glvfulplqdwlrq dsshduv kljk1 Li doo ri wklv
ihpdoh gxpp| hvwlpdwh zdv gxh wr glvfulplqdwlrq/ ihpdoh zdjhv zrxog eh udlvhg e| derxw rqh iwk
e| ixoo frpsoldqfh zlwk wkh htxdo sd| dfw1 D vxevwdqwldo sduw ri wklv xqh{sodlqhg jds lv/ krzhyhu/
olnho| wr eh gxh wr pdwhuqlw|0uhodwhg glhuhqfhv lq oderu pdunhw h{shulhqfh ri phq dqg zrphq/
zklfk qrqh ri wkh hvwlpdwhg uhjuhvvlrqv frqwurov iru1
Vlplodu wr wkh uhvxowv iru wkh F}hfk sxeolf vhfwru/ wkh ghfrpsrvlwlrqv lq Wdeoh 8 dqg : vxjjhvw
wkdw hpsor|phqw vhjuhjdwlrq lv uhodwhg wr ryhu rqh wklug ri wkh wrwdo jhqghu sd| jds lq F}hfk dqg
Vorydn qrq0sxeolf hpsor|phqw1 Wkh fkdqqhov ri wkh hhfw duh glhuhqw/ wkrxjk/ ehwzhhq wkh wzr
frxqwulhv1 Zkloh lq erwk F}hfk vhfwruv/ lw lv wkh rffxsdwlrqdo dqg mre fhoo vhjuhjdwlrq wkdw gulyhv
wkh sd| zhgjh ehwzhhq jhqghuv/ up0ohyho vhjuhjdwlrq lv htxdoo| lpsruwdqw lq wkh Vorydn qrq0sxeolf
vhfwru1 Wkh zdjh lpsdfwv ri jhqghu glhuhqfhv lq hgxfdwlrqdo dwwdlqphqw dyhudjh rxw dfurvv wkh
glhuhqw ghjuhhv wr d qhjoljleoh hhfw1 Rwkhu zrunhu0 ru up0vshflf fkdudfwhulvwlfv dovr dwwulexwh
olwwoh wr wkh phdq zdjh glhuhqfh ehwzhhq jhqghuv1
Wkh ryhudoo jhqghu sd| glhuhqfh/ dv zhoo dv wkh srwhqwldo h{whqw ri sd| glvfulplqdwlrq duh
orzhvw lq wkh Vorydn sxeolf vhfwru 0 vhh Wdeoh 9/ zklfk dovr grfxphqwv wkh uhodwlyho| vpdoo hhfw ri
vhjuhjdwlrq rq wkh ihpdoh gxpp| hvwlpdwh1 Wkh odujhvw sduw ri wkh jds lv dwwulexwdeoh wr d kljkhu
iudfwlrq ri pdoh froohjh0hgxfdwhg sxeolf hpsor|hhv1 Hyhq wkrxjk wkh frh!flhqw rq wkh ihpdoh
iudfwlrq dprqj wkh up*v vxshuylvru| zrunirufh lv +pdujlqdoo|, vljqlfdqw/ lwv hhfw rq wkh phdq
zdjh jds lv vpdoo1 Xqiruwxqdwho|/ wkh Vorydn sxeolf0vhfwru uhvxowv duh edvhg rq d uhodwlyho| vpdoo
vdpsoh dqg lq sduwlfxodu vd| olwwoh derxw jhqghu sd| glhuhqfhv lq Vorydnld*v sxeolf dgplqlvwudwlrq1
5491 Frqfoxvlrq
Wklv sdshu lghqwlhv wkh fkdqqhov wkurxjk zklfk jhqghu vhjuhjdwlrq dqg dq lqglylgxdo*v vh{ dhfw
wkh ryhudoo jhqghu zdjh jds lq wkh F}hfk dqg Vorydn Uhsxeolfv1 Wkhvh frxqwulhv/ vlplodu wr rwkhu
wudqvlwlrq hfrqrplhv dlplqj dw mrlqlqj wkh HX/ duh qrz lq wkh surfhvv ri hqdfwlqj vwdqgdug zhvwhuq0
vw|oh dqwl0glvfulplqdwlrq oderu pdunhw srolflhv1 Wkh hpslulfdo uhvxowv suhvhqwhg khuh surylgh d
phdvxuh ri wkh srwhqwldo h!fdf| ri wkhvh srolflhv lq uhgxflqj wkh ryhudoo jhqghu sd| glhuhqwldo1
E| fdswxulqj wkh vlwxdwlrq lpphgldwho| ehiruh wkh dqwl0glvfulplqdwlrq uxohv duh ohjdoo| hqdfwhg/5<
wkh suhvhqw dqdo|vlv dovr vhuyhv dv d ghwdlohg ehqfkpdun iru ixwxuh phdvxuhphqw ri wkh dfwxdo hhfw
ri wkh dqwl0glvfulplqdwlrq hruwv lq wudqvlwlrq frxqwulhv1 Suh0dffhvvlrq frxqwulhv zloo surylgh d
oderudwru| zkhuh dqwl0glvfulplqdwlrq odzv duh lqwurgxfhg dw d uhodwlyho| kljk ohyho ri ghyhorsphqw
dqg zkhuh ulfk plfur gdwd zloo riwhq eh dydlodeoh wr revhuyh wkh lpsdfw ri doo ri wkhvh srolflhv lq
ghwdlo1
Rq dyhudjh/ ihpdoh zdjhv duh derxw 63( orzhu wkdq pdoh zdjhv lq erwk frxqwulhv/ dqg wklv
glhuhqfh lv vrphzkdw orzhu lq wkh exgjhwdu| vhfwruv1 Hyhq wkrxjk zdjhv duh w|slfdoo| orzhu lq
wkh sxeolf vhfwruv/ zklfk hpsor| ryhu wkuhh wlphv dv pdq| zrphq dv phq/ wklv lpedodqfh lv qrw wkh
sulpdu| fdxvh ri wkh ryhudoo jhqghu sd| jds1 Vhjuhjdwlrq ri zrphq lqwr orz0sd|lqj rffxsdwlrqv/
upv dqg mre fhoov dsshduv uhvsrqvleoh iru derxw rqh wklug ri wkh wrwdo zdjh jds1 Ixuwkhupruh/
lq wkh qrq0sxeolf vhfwruv ri wkh F}hfk dqg Vorydn Uhsxeolfv/ derxw wzr wklugv ri wkh zdjh jds
dsshdu gxh wr jhqghu glhuhqfhv lq zdjhv wkdw uhpdlq diwhu dffrxqwlqj iru prvw irupv ri zrunsodfh
vhjuhjdwlrq dv zhoo dv iru rwkhu h{sodqdwru| yduldeohv1 Wklv frpsduhv xqidyrudeo| wr derxw rqh
wklug lq wkh X1V1/ zkhuh wkh ryhudoo jds lv/ krzhyhu/ odujhu dw ryhu 73( +Ed|dug hw do1/ 4<<<,1
Xqiruwxqdwho|/ wkh hvwlpdwhg csxuh* zdjh hhfw ri wkh lqglylgxdo*v vh{ lv olnho| wr eh eldvhg
xszdug gxh wr odfn ri lqirupdwlrq lq wkh F}hfk dqg Vorydn gdwd rq wkh dfwxdo ohqjwk ri oderu
5<Wkh glvfxvvhg dphqgphqwv ri wkh F}hfk Oderu Frgh dqg Zdjh Odz zhuh dssuryhg e| wkh F}hfk jryhuqphqw lq
4<<<1 Wkhlu ohjdo hqdfwphqw lv h{shfwhg gxulqj wkh |hdu 53331 Lq Vorydnld/ d vlplodu dphqgphqw lq qrz lq wkh qdo
vwdjh ri suhsdudwlrqv dw wkh Plqlvwu| ri Oderu/ Vrfldo Ddluv dqg Idplo|1
55pdunhw h{shulhqfh dqg2ru wkh qxpehu ri fkloguhq1 Wkh hvwlpdwhg ihpdoh gxpp| frh!flhqwv iru wkh
|rxqjhvw frkruw duh lqghhg orzhu wkdq wkh doo0vdpsoh hvwlpdwh dqg uhvhpeoh wkh X1V1 frh!flhqwv1
Ilqdoo|/ d vxevwdqwldo sduw ri wkh jhqghu sd| jds lv dwwulexwdeoh wr glhuhqfhv lq hgxfdwlrqdo dw0
wdlqphqw ri phq dqg zrphq lq wkh F}hfk dqg Vorydn sxeolf vhfwruv/ zkhuh klulqj dqg surprwlrq
sudfwlfhv vkrxog eh sduwlfxoduo| hdv| wr dhfw1
Wkh jhqghu zdjh jds lv jhqhudoo| orzhu lq Vorydnld dqg wkh vfrsh iru sd| glvfulplqdwlrq dsshduv
hvshfldoo| orz lq wkh Vorydn sxeolf vhfwru1 Wklv glhuhqfh ehwzhhq wkh wzr hfrqrplhv wkdw xqwlo
uhfhqwo| iruphg rqh frxqwu| fdoov iru ixwxuh uhvhdufk1 Lw pd| eh d frqvhtxhqfh ri wkh idvwhu iuhh0
pdunhw wudqvirupdwlrq ri wkh F}hfk hfrqrp|/ zkhuh zdjh vhwwlqj pd| kdyh ghsduwhg iduwkhu iurp
wkh frppxqlvw zdjh julg1
Wkh srolf| lpsolfdwlrqv ri wkhvh uhvxowv duh glhuhqw iurp wkrvh wkdw Rjoreolq +4<<<, suhvhqwv
iru Uxvvld163 Lq wkh F}hfk dqg Vorydn Uhsxeolfv/ lw lv qrw rffxsdwlrqdo vhjuhjdwlrq wkdw lv wr eodph
iru prvw ri wkh jhqghu zdjh jds/ exw udwkhu zlwklq0rffxsdwlrq zlwklq0hvwdeolvkphqw skhqrphqd1
Wklv lpsolhv d glhuhqw vwudwhj| iru uhgxflqj wkh jhqghu sd| jds1 Dwwhqwlrq vkrxog qrw eh sdlg
sulpdulo| wr glhuhqfhv lq uhpxqhudwlrq dfurvv rffxsdwlrqv +frpsdudeoh zruwk srolflhv,/ exw udwkhu
wr srwhqwldo zlwklq0hvwdeolvkphqw sd| glvfulplqdwlrq/ hvshfldoo| ylrodwlrqv ri wkh htxdo sd| fodxvh1
Wkh hpslulfdo uhvxowv ri wklv sdshu duh ghvfulswlyh lq wkhlu qdwxuh1 Wkh| lghqwli| wkh fkdqqhov/
e| zklfk vhjuhjdwlrq dhfwv jhqghu zdjh glhuhqfhv/ exw qrw wkh ixqgdphqwdo fdxvhv ri vhjuhjdwlrq1
Rqh lqwhusuhwdwlrq ri wkh hhfw vhjuhjdwlrq kdv rq zdjhv lv hpsor|hu glvfulplqdwlrq lq klulqj dqg
surprwlrq1 Dqrwkhu lv vxjjhvwhg e| Pdfskhuvrq dqg Kluvk +4<<8, zkr dffrxqw iru prvw ri wkh zdjh
hhfw ri rffxsdwlrqdo jhqghu vhjuhjdwlrq lq wkh X1V1 e| frqglwlrqlqj rq vnloo0uhodwhg rffxsdwlrqdo
fkdudfwhulvwlfv dqg xqphdvxuhg vnloo ru wdvwh glhuhqfhv ri zrunhuv1 Wkh| lpso| wkdw wkh uhodwlyh
sursruwlrq ri ihpdoh hpsor|phqw lq dq rffxsdwlrq uh hfwv wkhvh fkdudfwhulvwlfv dqg wdvwh glhuhqfhv
dqg vkrxog qrw eh ri pdmru srolf| frqfhuq1 Krzhyhu/ dv dujxhg lq Rjoreolq +4<<<, dqg dv L kdyh
63Wklv vhhpv gxh wr glhuhqfhv lq xqghuo|lqj jhqghu zdjh vwuxfwxuhv ri wkh wzr uhjlrqv/ udwkhu wkdq wr wkh odfn ri
lqirupdwlrq rq mre fhoo dqg up vhjuhjdwlrq lq Rjoreolq*v gdwd1
56dujxhg lq Vhfwlrq 5 ri wklv sdshu/ rffxsdwlrqdo vhjuhjdwlrq xqghu fhqwudo sodqqlqj zdv wr d odujh
h{whqw wkh uhvxow ri frppxqlvw srolflhv wuhdwlqj zrphq dv vshflf oderu irufh dqg lqvwlwxwlrqdo0
l}lqj jhqghu vhjuhjdwlrq1 Pxfk ri wklv ohjdf| ri frppxqlvp uhpdlqv ylvleoh lq wrgd|*v wudqvlwlrq
oderu pdunhwv164 Lw lv xqolnho| wkdw fhqwudo sodqqhuv xqghuvwrrg dqg uh hfwhg wkh ixqgdphqwdo wdvwh
glhuhqfhv dqg xqphdvxuhg vnloov ri wkhlu zrunhuv> wkhuhiruh/ rffxsdwlrqdo vhjuhjdwlrq lq wudqvlwlrq
f r x q w u l h vl vu h o d w l y h o |x q o l n h o |w re hg u l y h qp d l q o |e |x q r e v h u y d e o h v 1
64H1j1/ wkh ryhuzkhoplqj iudfwlrq ri ihpdoh hpsor|hhv lq wkh exgjhwdu| vhfwru1 Ixuwkhu/ wkh iudfwlrq ri zrunhuv
hpsor|hg lq hdfk pdmru rffxsdwlrq jurxs dv zhoo dv wkh iudfwlrq ri zrphq zlwklq hdfk ri wkhvh jurxsv zdv doprvw
frqvwdqw ehwzhhq 4<<6 dqg 4<<;/ zkhq phdvxuhg xvlqj wkh hduolhvw dqg odwhvw dydlodeoh zdyh ri wkh F}hfk Oderu Irufh
Vxuyh|1 Wkhvh uhvxowv duh dydlodeoh xsrq uhtxhvw1
57Eleolrjudsk|
Derzg/ M1P1 dqg I1 Nudpdu} +lq suhvv, Wkh Dqdo|vlv ri oderu Pdunhwv xvlqj Pdwfkhg Hpsor|hu0Hpsor|hh Gdwd/ lq
Dvkhqihowhu/ R1/ dqg G1 Fdug/ hgv1 Kdqgerrn ri Oderu Hfrqrplfv/ yroxphv 607/ Dpvwhugdp/ Qruwk Kroodqg1
Shvdudq/ P1K1/ dqg Kdtxh/ Q1X1/ dqg V1 Vkdupd +lq suhvv, Qhjohfwhg Khwhurjhqhlw| dqg G|qdplfv lq Furvv0frxqwu|
Vdylqjv Uhjuhvvlrqv/ lq Nulvkqdnxpdu/ M1/ dqg H1 Urqfkhwwl/ hgv1 Sdqho Gdwd Hfrqrphwulfv 0 Ixwxuh Gluhfwlrq=
Sdshuv lq Krqru ri Surihvvru Edohvwud/ Frqwulexwlrqv wr Hfrqrplf Dqdo|vlv/ Hovhylhu Vflhqfh1
D o w r q m l /M 1 J 1 /d q gU 1 P 1E o d q n+ l qs u h v v , U d f hd q gJ h q g h ul qw k hO d e r uP d u n h w / l qD v k h q i h o w h u /R 1 /d q gG 1F d u g /
hgv1 Kdqgerrn ri Oderu Hfrqrplfv/ yroxphv 607/ Dpvwhugdp/ Qruwk Kroodqg1
Ed|dug/ N1/ Khoohuvwhlq/ M1/ Qhxpdun G1 dqg N1 Wurvnh +4<<<, Qhz Hylghqfh rq Vh{ Vhjuhjdwlrq dqg Vh{ Glhuhqfhv
lq Zdjhv iurp Pdwfkhg Hpsor|hh0Hpsor|hu Gdwd/ QEHU Zrunlqj Sdshu Qr1 :3361
Elhoe|/ Z1 dqg M1 Edurq +4<;7, D Zrpdq*v Sodfh lv zlwk Rwkhu Zrphq= Vh{ Vhjuhjdwlrq Zlwklq Rujdql}dwlrqv/
lq E1 Uhgvnlq/ hg1/ Vh{ Vhjuhjdwlrq lq wkh Zrunsodfh= Wuhqgv/ H{sodqdwlrqv/ Uhphglhv/ Zdvklqjwrq/ GF/
Qdwlrqdo Dfdghp| Suhvv/ ss1 6:0881
Eodx/ I1G1 +4<::, Htxdo Sd| lq wkh R!fh/ Oh{lqjwrq/ PD/ G1F1 Khdowk dqg Frpsdq|1
Eudlqhug/ H1 +4<<;, Zlqqhuv dqg Orvhuv lq Uxvvldv Hfrqrplf Wudqvlwlrq/ Dphulfdq Hfrqrplf Uhylhz/ ;;+8,/
43<7044491
Fduulqjwrq/ Z1M1 dqg N1U1 Wurvnh +4<<;, Vh{ Vhjuhjdwlrq lq X1V1 Pdqxidfwxulqj/ Lqgxvwuldo dqg Oderu Uhodwlrqv
Uhylhz/ 84 +6,/ 77807971
Fkdvh/ U1V1 +4<<;, Pdunhwv iru Frppxqlvw Kxpdq Fdslwdo= Uhwxuqv wr Hgxfdwlrq dqg H{shulhqfh lq Srvw0
Frppxqlvw F}hfk Uhsxeolf dqg Vorydnld/ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ 84 +6,/ 73407561
Fkduohv Xqlyhuvlw|/ Idfxow| ri Vflhqfh/ Ghsduwphqw ri Ghprjudsk| +4<<<, Srsxodwlrq Ghyhorsphqw lq wkh F}hfk
Uhsxeolf/ Sudjxh= Fkduohv Xqlyhuvlw| Suhvv1
Ghdwrq/ D1 +4<<:, Wkh Dqdo|vlv ri Krxvhkrog Vxuyh|v/ Edowlpruh dqg Orqgrq= Mrkqv Krsnlqv Xqlyhuvlw| Suhvv1
Ilohu/ U1/ Mxudmgd 1/ dqg M1 Soäqryvn +4<<<, Hgxfdwlrq dqg Zdjhv lq wkh F}hfk dqg Vorydn Uhsxeolfv gxulqj
Wudqvlwlrq/ Oderxu Hfrqrplfv/ 9 +7,/ 8;408<61
Jurvkhq/ H1O1 +4<<4, Wkh Vwuxfwxuh ri wkh Ihpdoh2Pdoh Zdjh Glhuhqwldo= Lv lw Zkr \rx Duh/ Zkdw \rx Gr/ ru
Zkhuh \rx ZrunB/ Mrxuqdo ri Kxpdq Uhvrxufhv/ 59 +6,/ 78:0:51
Kdp/ M1/ Vyhmqdu/ M1/ dqg N1 Whuuhoo +4<<8, F}hfk Uhsxeolf dqg Vorydnld/ lq Frppdqghu/ V1/ dqg I1 Frulfhool/ hgv1
Xqhpsor|phqw/ Uhvwuxfwxulqj/ dqg wkh Oderu Pdunhw lq Hdvwhuq Hxursh dqg Uxvvld/ Hfrqrplf Ghyhorsphqw
Lqvwlwxwh ri wkh Zruog Edqn/ Zdvklqjwrq/ G1F1
58Kdp/ M1/ Vyhmqdu/ M1/ dqg N1 Whuuhoo +4<<<, Zrphq*v Xqhpsor|phqw Gxulqj Wudqvlwlrq= Hylghqfh iurp F}hfk dqg
Vorydn Plfur0gdwd/ Hfrqrplfv ri Wudqvlwlrq/:+ 4 , /7 : 0 : ; 1
Kxqw/ M1 +4<<;, Wkh Wudqvlwlrq lq Hdvw Jhupdq|= Zkhq lv d Whq Shu Fhqw Idoo lq wkh Jhqghu Sd| Jds Edg Qhzv/
FHSU Glvfxvvlrq Sdshu Vhulhv lq Wudqvlwlrq Hfrqrplfv/ Qr1 4/;381
Mdfnpdq/ U1/ dqg P1 Uxwnrzvnl +4<<7, Oderu Pdunhwv= Zdjhv dqg Hpsor|phqw lq Eduu/ Q1 / hg1/ Oderu Pdunhwv
dqg Vrfldo Srolf| lq Fhqwudo dqg Hdvwhuq Hxursh/ R{irug Xqlyhuvlw| Suhvv/ Qhz \run1
Mrkqvrq/ J1/ dqg J1 Vrorq +4<;9, Hvwlpdwhv ri wkh Gluhfw Hhfw ri Frpsdudeoh Zruwk Srolf|/ Dphulfdq Hfrqrplf
Uhylhz/ 59+5,/ 5;:063:1
Nloolqjvzruwk/ P1 +4<<3, Wkh Hfrqrplfv ri Frpsdudeoh Zruwk/ Ndodpd}rr/ Plfk1= Z1 H1 Xsmrkq Lqvwlwxwh iru
Hpsor|phqw Uhvhdufk1
Pdfskhuvrq/ G1/ dqg E1W1 Kluvk +4<<8, Zdjhv dqg Jhqghu Frpsrvlwlrq= Zk| Gr Zrphq*v Mrev Sd| Ohvv/
Mrxuqdo ri Oderu Hfrqrplfv/ 46/ 75907:41
P qlfk/ G1/ M1 Vyhmqdu/ dqg N1 Whuuhoo +4<<<, Uhwxuqv wr kxpdq fdslwdo xqghu wkh frppxqlvw zdjh julg dqg gxulqj
wkh wudqvlwlrq wr d pdunhw hfrqrp|/ Glvfxvvlrq Sdshu Qr1 5</ FHUJH0HL/ Sudjxh/ 4<<;1
Qhzhoo/ D1/ dqg E1 Uhloo| +4<<9, Wkh Jhqghu Zdjh Jds lq Uxvvld= Vrph Hpslulfdo Hylghqfh/ Oderxu Hfrqrplfv/
6/ 66:06891
Rd{dfd/ U1 +4<:6, Pdoh0Ihpdoh Zdjh Glhuhqwldov lq Xuedq Oderu Pdunhwv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/
47+6,/ 9<60:3<1
Rd{dfd/ U1 dqg P1U1 Udqvrp +4<<7, Rq Glvfulplqdwlrq dqg wkh Ghfrpsrvlwlrq ri Zdjh Glhuhqwldov/ Mrxuqdo ri
Hfrqrphwulfv/ 94/ 80541
Rjoreolq/ F1J1 +4<<<, Wkh Jhqghu Hduqlqjv Glhuhqwldo lq wkh Uxvvldq Wudqvlwlrq Hfrqrp|/ Lqgxvwuldo dqg Oderu
Uhodwlrqv Uhylhz/ 85+7,/ 93505:1
Rud}hp/ S1I1/ dqg P1 Yrgrslyhf +4<<8, Zlqqhuv dqg Orvhuv lq Wudqvlwlrq= Uhwxuqv wr Hgxfdwlrq/ H{shulhqfh/ dqg
Jhqghu lq Voryhqld/ Wkh Zruog Edqn Hfrqrplf Uhylhz/ <+5,/ 53405631
Sdxnhuw/ O1 +4<<4, Wkh Hfrqrplf Vwdwxv ri Zrphq lq wkh Wudqvlwlrq wr d Pdunhw V|vwhp= Wkh Fdvh ri F}hfkrvor0
ydnld/ Lqwhuqdwlrqdo Oderxu Uhylhz/ 463/ 94609661
Uhloo|/ E1 +4<<<, Wkh Jhqghu sd| Jds lq Uxvvld gxulqj Wudqvlwlrq/ 4<<504<<9/ Hfrqrplfv ri Wudqvlwlrq/:+ 4 , =
57805971
Vorydn Vwdwlvwlfdo R!fh +4<<;, Vwdwlvwlfdo \hduerrn 4<<;/ Eudwlvodyd/ Vorydnld1
Vyhmqdu/ M1 +lq suhvv, Oderu Pdunhwv lq wkh Wudqvlwlrqdo Fhqwudo dqg Hdvw Hxurshdq Hfrqrplhv/ lq Dvkhqihowhu/
R 1 /d q gG 1F d u g /h g v 1Kdqgerrn ri Oderu Hfrqrplfv/ yroxphv 607/ Dpvwhugdp/ Qruwk Kroodqg1
59                                           Firm Employment 
Industry Category 
100 - 249  250 - 499 500 - 999 over 1000 Total
2,820 1,597 763 6,820 12,000
(17) (5) (1) (3) (26)
{116} {637} {124} {7} {884}
113 767 1,187 26,399 28,466
(1) (2) (2) (5) (10)
{12} {56} {33} {27} {128}
3,007 5,177 13,741 27,373 49,298
(17) (15) (19) (14) (65)
{77} {357} {146} {46} {626}
3,571 7,977 20,383 75,621 107,552
(21) (22) (29) (25) (97)
{59} {243} {105} {45} {452}
5,140 11,812 25,231 59,799 101,982
(30) (31) (34) (32) (127)
{95} {523} {230} {92} {940}
1,081 1,467 6,936 29,453 38,937
(6) (4) (10) (13) (33)
{11} {55} {28} {20} {114}
1,544 6,775 7,443 17,970 33,732
(11) (18) (11) (8) (48)
{54} {320} {116} {16} {506}
1,637 2,943 4,181 12,671 21,432
(10) (8) (6) (6) (30)
{40} {298} {111} {14} {463}
2,513 3,342 6,219 71,528 83,602
(18) (9) (11) (10) (48)
{22} {122} {50} {20} {214}
1,453 1,926 1,868 37,132 42,379
(9) (6) (3) (6) (24)
{9} {35} {8} {8} {60}
3,308 1,951 3,260 4,355 12,874
(22) (6) (5) (2) (35)
{58} {264} {75} {8} {405}
2,035 1,174 4,550 28,863 36,622
(12) (3) (6) (7) (28)
{33} {134} {37} {16} {220}
136 306 4,200 87,281 91,923
(1) (1) (5) (4) (11)
{67} {8} {10} {6} {91}
1,225 5,488 9,991 32,960 49,664
(7) (15) (14) (17) (53)
{36} {177} {90} {35} {338}
1,083 4,783 1,093 9,213 16,172
(7) (14) (2) (5) (28)
{38} {210} {54} {8} {310}
30,666 57,440 111,046 527,438 726,590
(189) (159) (158) (157) (663)
{727} {3439} {1217} {368} {5751}
Note: Boxed firms have been merged into a single strata to ensure presence of at least two firms per strata.
Agriculture, Forestry, and Fishing
Mining, Quarrying, and Metalurgy
Food, Textile, and Leather
Table A-1: Czech ISAE Sample Description by Sampling Strata
Number of Employees in Sample, (Number of Firms in Sample) , and {Number of Firms in Population}.
Paper and Chemicals
Machinery
Utilities
Construction
Total
Public Administration, and Social Security
Education
Health and Social Work
Hotels and Restaurants, Other Community, 
Social, and Personal Service Activities
Wholesale and Retail Trade, and Repair 
Services
Transportation and Communications
Banking and Insurance
Real Estate, R&D, Data Processing, and 
other Business Activities
27                                           Firm Employment 
Industry Category 
100 - 499 500 - 999 over 1000 Total
2,128 238 2,898 5,264
(24) (1) (4) (29)
{457} {8} {8} {473}
611 0 2,676 3,287
(7) (0) (1) (8)
{22} {4} {10} {36}
2,803 1,619 6,510 10,932
(33) (7) (10) (50)
{313} {43} {15} {371}
2,274 2,949 15,961 21,184
(25) (11) (20) (56)
{187} {22} {34} {243}
3,358 1,736 10,518 15,612
(41) (8) (15) (64)
{387} {52} {35} {474}
3,066 179 3,984 7,229
(42) (1) (5) (48)
{25} {5} {14} {44}
1,510 0 2,916 4,426
(20) (0) (4) (24)
{221} {5} {12} {238}
1,818 242 426 2,486
(21) (1) (1) (23)
{251} {18} {4} {273}
3,572 1,980 18,281 23,833
(43) (9) (12) (64)
{115} {9} {15} {139}
461 1,517 0 1,978
(5) (5) (0) (10)
{29} {6} {5} {40}
1,117 208 0 1,325
(15) (1) (0) (16)
{197} {9} {2} {208}
82 0 0 82
(2) (0) (0) (2)
{128} {35} {42} {205}
306 463 6,025 6,794
(4) (2) (9) (15)
{144} {22} {9} {175}
323 836 5,674 6,833
(4) (4) (10) (18)
{136} {33} {33} {202}
1,095 0 338 1,433
(15) (0) (1) (16)
{153} {8} {3} {164}
24,524 11,967 76,207 112,698
(301) (50) (92) (443)
{2765} {279} {241} {3285}
Note: Boxed firms have been merged into a single strata to ensure presence of at least two firms per strata.
Wholesale and Retail Trade, and Repair 
Services
Transportation and Communications
Banking and Insurance
Real Estate, R&D, Data Processing, and 
other Business Activities
Total
Public Administration, and Social Security
Education
Health and Social Work
Hotels and Restaurants, Other Community, 
Social, and Personal Service Activities
Table A-2: Slovak ISAE Sample Description by Sampling Strata
Number of Employees in Sample
*, (Number of Firms in Sample) , and {Number of Firms in Population}.
Paper and Chemicals
Machinery
*The data consists of a randomly drawn one-in-three sub-sample of employees from participating firms.
Agriculture, Forestry, and Fishing
Mining, Quarrying, and Metalurgy
Food, Textile, and Leather
Utilities
Construction
28Variable Women Men Women Men
Hourly wage (CZK) 53.994 73.188 52.564 68.872
% female in 2-digit occupation 0.779 0.452 0.776 0.489
% female in 4-digit occupation 0.869 0.409 0.865 0.428
% female in firm 0.839 0.594 0.826 0.636
% female supervisors in firm 0.674 0.360 0.615 0.380
% female in 2-digit job cell 0.887 0.418 0.883 0.428
% female in 4-digit job cell 0.900 0.370 0.896 0.379
Age 38.840 36.018 38.876 35.664
Education   Primary  0.071 0.025 0.072 0.029
                   Secondary without GCE 0.175 0.184 0.169 0.206
                   Secondary with GCE 0.490 0.252 0.546 0.293
                   University  0.261 0.493 0.210 0.436
                   Post-graduate 0.003 0.046 0.003 0.037
Total employment in firm/1000  44.3 27.6 29.4 18.1
Prague (capital) 0.198 0.543 0.169 0.400
Number of workers 140,254 37,955 140,254 37,955
Number of firms 92 92 92 92
Hourly wage (CZK) 59.775 80.745 54.266 74.647
% female in 2-digit occupation 0.629 0.278 0.623 0.294
% female in 4-digit occupation 0.677 0.215 0.673 0.213
% female in firm 0.531 0.301 0.540 0.304
% female supervisors in firm 0.317 0.149 0.309 0.143
% female in 2-digit job cell 0.695 0.196 0.707 0.194
% female in 4-digit job cell 0.755 0.157 0.773 0.150
Age 38.551 38.809 38.096 38.265
Education   Primary  0.103 0.048 0.108 0.059
                   Secondary without GCE 0.403 0.580 0.465 0.604
                   Secondary with GCE 0.388 0.248 0.340 0.218
                   University  0.105 0.122 0.084 0.113
                   Post-graduate 0.001 0.002 0.002 0.006
Total employment in firm/1000  5.102 5.911 2.202 2.836
Prague (capital) 0.278 0.208 0.224 0.184
Ownership Foreign 0.062 0.048 0.036 0.028
                  Private  0.625 0.617 0.655 0.702
                  Co-operative 0.036 0.013 0.115 0.061
                  State  0.271 0.314 0.188 0.201
                  Mixed 0.006 0.008 0.005 0.008
Number of workers 214,277 334,104 214,277 334,104
Number of firms 571 571 571 571
Table A-3: Means in Czech ISAE
Non-Public Sector
Public Sector
ISAE unweighted ISAE weighted
29Variable Women Men Women Men
Hourly wage (SKK) 47.065 58.925 51.107 61.441
% female in 2-digit occupation 0.660 0.498 0.664 0.497
% female in 4-digit occupation 0.784 0.473 0.797 0.463
% female in firm 0.788 0.706 0.795 0.712
% female supervisors in firm 0.708 0.603 0.696 0.608
% female in 2-digit job cell 0.851 0.496 0.865 0.469
% female in 4-digit job cell 0.867 0.444 0.884 0.405
Age 39.632 43.557 39.976 43.549
Education   Primary  0.119 0.056 0.107 0.052
                   Secondary without GCE 0.230 0.302 0.215 0.324
                   Secondary with GCE 0.470 0.201 0.519 0.215
                   University  0.163 0.319 0.145 0.275
                   Post-graduate 0.018 0.122 0.013 0.134
Total employment in firm/1000  1.840 2.147 0.924 0.965
Bratislava (capital) 0.190 0.290 0.150 0.250
Number of workers 10,543 3,166 10,543 3,166
Number of firms 35 35 35 35
Hourly wage (SKK) 55.331 71.177 52.111 66.273
% female in 2-digit occupation 0.558 0.280 0.567 0.315
% female in 4-digit occupation 0.631 0.221 0.628 0.245
% female in firm 0.506 0.293 0.512 0.301
% female supervisors in firm 0.394 0.240 0.415 0.261
% female in 2-digit job cell 0.679 0.190 0.684 0.195
% female in 4-digit job cell 0.741 0.154 0.743 0.159
Age 38.443 38.922 38.206 38.889
Education   Primary  0.165 0.088 0.170 0.094
                   Secondary without GCE 0.368 0.510 0.381 0.522
                   Secondary with GCE 0.403 0.326 0.382 0.292
                   University  0.063 0.074 0.066 0.089
                   Post-graduate 0.001 0.002 0.001 0.003
Total employment in firm/1000  2.458 3.403 1.289 1.910
Bratislava (capital) 0.147 0.144 0.174 0.137
Ownership Foreign 0.082 0.075 0.088 0.077
                  Private  0.365 0.348 0.421 0.421
                  Co-operative 0.029 0.015 0.090 0.060
                  State  0.453 0.475 0.334 0.340
                  Mixed 0.072 0.087 0.068 0.103
Number of workers 35,974 63,015 35,974 63,015
Number of firms 408 408 408 408
Non-Public Sector
Table A-4: Means in Slovak ISAE
ISAE weighted ISAE unweighted
Public Sector
30(1) (2) (3) (4) (5) (6)
Female -0.208 * -0.150 * -0.147 * -0.100 * -0.120 * -0.101 *
(0.007) (0.005) (0.006) (0.004) (0.006) (0.005)
% female in occupation ………… -0.181 * -0.124 *
(0.015) (0.025)
% female in job cell …………… -0.112 *
(0.024)
Number of workers 178,209 178,209 178,209 163,072 178,209 178,209
Number of firms 92 92 92 913
b 92 92
Female -0.269 * -0.285 * -0.255 * -0.197 * -0.223 * -0.189 *
(0.014) (0.011) (0.008) (0.009) (0.009) (0.008)
% female in occupation ………… -0.140 * -0.034
(0.011) (0.019)
% female in job cell …………… -0.162 *
(0.017)
Number of workers 548,381 548,381 548,381 530,807 548,381 548,381
Number of firms 571 571 571 6648
b 571 571
Female -0.164 * -0.071 * -0.072 * -0.068 * -0.055 * -0.050 *
(0.018) (0.017) (0.018) (0.010) (0.014) (0.010)
% female in occupation ………… -0.078 -0.067
(0.052) (0.049)
% female in job cell …………… -0.025
(0.046)
Number of workers 13,709 13,709 13,709 13,662 13,709 13,709
Number of firms 35 35 35 438
b 35 35
Female -0.208 * -0.216 * -0.186 * -0.162 * -0.158 * -0.147 *
(0.014) (0.008) (0.006) (0.007) (0.006) (0.006)
% female in occupation ………… -0.124 * -0.097 *
(0.013) (0.018)
% female in job cell …………… -0.058 *
(0.016)
Number of workers 98,989 98,989 98,989 94,130 98,989 98,989
Number of firms 408 408 408 3832
b 408 408
Weighting Yes Yes Yes Yes Yes Yes
Fixed effects No No Firm Job cell Firm Firm
Other controls
a No Worker's All All All All
* statistically significant at the 1% level
Note: Standard errors in parenteses.
a Other controls: worker's education degrees, age and age square; firm's employment and its square, ownership 
and 2-digit industry, establishment's region.
b Number of job cell fixed effects. For comparison with column 7 of Table 3, only observations where `% 
female supervisors in firm' is available are used.
Table A-5:  Estimated Log Wage Differentials by Sex: Split-sample Weighting
Slovak Public Sector
Slovak Non-Public Sector
Czech Public Sector
Czech Non-Public Sector
31Public Sector Non-public Sector Public Sector Non-public Sector
Variable (1) (2) (3) (4)
Education   Primary  0.123 0.234 0.233 0.178
Secondary without GCE 0.179 0.269 0.078 0.239
Secondary with GCE 0.137 0.263 -0.062 0.187
University 0.163 0.327 0.165 0.200
Post-graduate 0.209 0.221 0.018 0.310
Age     -19 -0.026 0.142 -0.078 0.113
20-29 0.183 0.198 -0.022 0.180
30-39 0.301 0.301 0.093 0.219
40-49 0.286 0.292 0.213 0.221
50-59 0.195 0.270 0.215 0.222
60- -0.100 0.120 0.114 0.417
Ownership Foreign - 0.280 - 0.280
Private - 0.258 - 0.249
Co-operative - 0.211 - 0.116
State - 0.293 - 0.162
Mixed - 0.213 - 0.129
Public Sector 0.237 - 0.168 -
Firm size 100-249 Employees 0.223 0.237
250-499 Employees 0.172 0.250
500-999 Employees 0.209 0.267 0.206 0.254
Over 1000 Employees 0.268 0.285 0.181 0.233
Number of workers 178,209 548,381 13,709 98,989
Number of firms 92 571 35 408
Table 1: Weighted Mean Differences in Hourly Wages by Gender  
Female wage disadvantage as % of male wage (1-wf/wm)
0.171 0.135
Czech ISAE Slovak ISAE
32(1) (2) (3) (4) (5)
-0.241 -0.180 -0.155 -0.156 -0.103
(0.044) (0.04) (0.021) (0.023) (0.006)
R-squared 0.073 0.571 0.586 0.621 0.726
Number of workers 178,209 178,209 178,209 178,209 163,072
Number of firms 92 92 92 92 913
b
-0.297 -0.315 -0.266 -0.247 -0.200
(0.014) (0.013) (0.011) (0.009) (0.009)
R-squared 0.107 0.385 0.490 0.596 0.715
Number of workers 548,381 548,381 548,381 548,381 530,807
Number of firms 571 571 571 571 6648
b
-0.152 -0.082 -0.076 -0.078 -0.069
(0.023) (0.023) (0.019) (0.018) (0.016)
R-squared 0.025 0.530 0.653 0.676 0.823
Number of workers 13,709 13,709 13,709 13,709 13,662
Number of firms 35 35 35 35 438
b
-0.227 -0.231 -0.204 -0.179 -0.161
(0.014) (0.014) (0.008) (0.007) (0.008)
R-squared 0.064 0.287 0.476 0.600 0.703
Number of workers 98,989 98,989 98,989 98,989 94,130
Number of firms 408 408 408 408 3832
b
Fixed effects No No No Firm Job cell
Other controls
a No Worker’s All All All
Note: Standard errors in parenteses; all reported estimates statistically significant at the 1% level.
Female
Table 2:  Estimated Log Wage Differentials by Sex - WLS Regressions
Czech Public Sector
Female
Czech Non-Public Sector
a Other controls: worker’s education degrees, age and age square; firm’s employment and its square
ownership and 2-digit industry, establishment’s region.
b Number of job cell fixed effects. For comparison with columns (4) and (10) of Table 3, only 
observations where ‘% female supervisors in firm’ is available are used
Slovak Public Sector
Female
Slovak Non-Public Sector
Female
33(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
-0.126 * -0.102 * -0.092 * -0.092 * -0.086 * -0.078 * -0.073 * -0.058 * -0.052 * -0.060 * -0.043 * -0.009
(0.012) (0.007) (0.006) (0.007) (0.008) (0.019) (0.016) (0.014) (0.010) (0.014) (0.013) (0.022)
-0.162 * -0.101 * -0.045 -0.100 * -0.095 -0.106 -0.018 0.019 -0.151 0.006 -0.104 0.539 *
(0.035) (0.031) (0.033) (0.029) (0.039) (0.061) (0.041) (0.053) (0.068) (0.056) (0.105) (0.103)
… -0.105 * -0.123 * -0.155 * -0.201 * -0.032 … -0.061 0.038 -0.057 -0.008 -0.272 *
(0.035) (0.037) (0.041) (0.046) (0.061) (0.039) (0.052) (0.044) (0.069) (0.080)
… … … 0.019 0.045 -0.004 … … … -0.352 * -0.259 -0.530 *
(0.110) (0.106) (0.137) (0.112) (0.158) (0.183)
… … … 0.075 0.100 0.009 … … … 0.301 * 0.221 * 0.471 *
(0.062) (0.063) (0.068) (0.056) (0.059) (0.095)
R-squared 0.591 0.593 0.592 0.597 0.606 0.442 0.653 0.654 0.657 0.668 0.685 0.500
Number of workers 178,209 178,209 178,209 163,072 61,011 24,108 13,709 13,709 13,709 13,662 5,348 1,588
Number of firms 92 92 92 71 71 71 35 35 35 34 34 34
-0.228 * -0.188 * -0.158 * -0.190 * -0.177 * -0.134 * -0.177 * -0.140 * -0.126 * -0.140 * -0.128 * -0.108 *
(0.013) (0.008) (0.007) (0.009) (0.009) (0.010) (0.009) (0.007) (0.007) (0.007) (0.009) (0.011)
-0.152 * -0.058 -0.056 -0.104 -0.148 * -0.157 -0.136 * -0.072 * -0.081 * -0.098 * -0.146 * -0.006
(0.028) (0.049) (0.034) (0.048) (0.054) (0.061) (0.018) (0.026) (0.023) (0.025) (0.026) (0.031)
… -0.160 * -0.162 * -0.104 * -0.112 -0.019 … -0.124 * -0.104 * -0.060 * -0.075 * -0.054
(0.040) (0.029) (0.039) (0.045) (0.047) (0.026) (0.023) (0.019) (0.024) (0.026)
… … … -0.237 * -0.244 * -0.205 … … … -0.175 -0.118 -0.169
(0.085) (0.087) (0.097) (0.073) (0.078) (0.073)
… … … -0.014 -0.007 -0.030 … … … -0.103 -0.154 * -0.063
(0.048) (0.052) (0.053) (0.041) (0.048) (0.038)
R-squared 0.495 0.499 0.500 0.512 0.513 0.436 0.481 0.484 0.483 0.491 0.531 0.430
Number of workers 548,381 548,381 548,381 530,807 211,218 87,761 98,989 98,989 98,989 94,130 31,756 12,927
Number of firms 571 571 571 527 523 527 408 408 408 390 386 387
Occupational classification 2-digit 2-digit 4-digit 2-digit 2-digit 2-digit 2-digit 2-digit 4-digit 2-digit 2-digit 2-digit
Age cohorts All All All All >45 <25 All All All All >45 <25
* statistically significant at the 1% level
Czech Non-Public Sector Slovak Non-Public Sector
Female
% female in firm
Czech Public Sector
% female supervisors in firm
Slovak Public Sector
Table 3:  Estimated Log Wage Differentials by Sex, and Percent Female in Occupation, Firm, Job Cell, and Supervisors within Firm:  WLS Regressions
Female
% female in occupation
% female in job cell
Note: Standard errors in parentheses. All specifications include the following set of control variables: workers’ education degrees, age and age square; firms’ employment and its square, 
ownership and 2-digit industry, establishments’ region. No fixed effects are used in any of the specifications.
% female in occupation
% female in job cell
% female in firm
% female supervisors in firm
33Variable Coefficient 
estimate   
(1)
Coefficient 
estimate     
(2)
Mean difference 
women - men    
(3)
Absolute 
contribution to 
wage gap, (2) x (3)
Relative contribution 
to wage gap 
(2)x(3)/(1)
-0.241 * -0.092 * 1.000 -0.092 0.382
(0.044) (0.007)
… -0.1 * 0.287 -0.029 0.118
(0.029)
… -0.155 * 0.455 -0.070 0.292
(0.041)
… 0.019 0.190 0.004 -0.015
(0.11)
… 0.075 0.235 0.018 -0.073
(0.062)
… 0.038 * 3.212 0.123 -0.509
(0.003)
… -0.036 * 1.470 -0.052 0.217
(0.003)
… 0.005 11.297 0.057 -0.234
(0.004)
… -0.005 12.084 -0.065 0.269
(0.005)
… 0.117 * -0.037 -0.004 0.018
(0.012)
… 0.494 * 0.253 0.125 -0.518
(0.017)
… 0.717 * -0.225 -0.162 0.670
(0.025)
… 0.893 * -0.034 -0.030 0.124
(0.028)
R-squared 0.094 0.632
Number of workers 178,209 163,072
Number of firms 92 71
Note: Column (1) comes from column (1) of Table 2; column (2) comes from column (4) of Table 3. The mean 
differences and coefficients for the regional and 2-digit industrial dummies are not reported but are included in 
the calculations.
Post-graduate education
% female in job cell
% female in firm
% female supervisors in 
firm
Firm employment/1000
Age
Age squared
University education
Secondary education 
without GCE
Secondary education with 
GCE
Table 4: Wage Gap Decomposition for Czech Public Sector
Female
% female in occupation
(Firm empl./10000)
2 
34Variable Coefficient 
estimate   
(1)
Coefficient 
estimate     
(2)
Mean difference 
women - men    
(3)
Absolute 
contribution to 
wage gap, (2) x (3)
Relative contribution 
to wage gap 
(2)x(3)/(1)
-0.297 * -0.19 * 1.000 -0.190 0.639
(0.014) (0.009)
… -0.104 0.328 -0.034 0.115
(0.048)
… -0.104 * 0.512 -0.053 0.180
(0.039)
… -0.237 * 0.236 -0.056 0.188
(0.085)
… -0.014 0.166 -0.002 0.008
(0.048)
… 0.031 * -0.169 -0.005 0.018
(0.001)
… -0.034 * -0.125 0.004 -0.014
(0.002)
… 0.009 -0.634 -0.006 0.020
(0.005)
… -0.015 -0.144 0.002 -0.007
(0.0001)
… 0.116 * -0.139 -0.016 0.054
(0.013)
… 0.386 * 0.122 0.047 -0.159
(0.012)
… 0.722 * -0.029 -0.021 0.069
(0.031)
… 0.852 * -0.004 -0.003 0.011
(0.049)
… -0.086 * -0.046 0.004 -0.013
(0.027)
… -0.232 * 0.054 -0.012 0.042
(0.052)
… -0.114 * -0.013 0.001 -0.005
(0.032)
… 0.025 -0.003 0.000 0.000
(0.082)
R-squared 0.107 0.501
Number of workers 548,381 530,807
Number of firms 571 527
Female
% female in occupation
% female in job cell
% female in firm
% female supervisors in 
firm
Age
Age squared
Firm employment/1000
                   Co-operative
Ownership Private
Table 5: Wage Gap Decomposition for Czech Non-public Sector
University education
Post-graduate education
Secondary education 
without GCE
Secondary education with 
GCE
                   State
                   Mixed
Note: Column (1) comes from column (1) of Table 2; column (2) comes from column (4) of Table 3. The mean 
differences and coefficients for the regional and 2-digit industrial dummies are not reported but are included in 
the calculations.
(Firm empl./10000)
2 
35Variable
Coefficient 
estimate   
(1)
Coefficient 
estimate     
(2)
Mean difference 
women - men    
(3)
Absolute 
contribution to 
wage gap, (2) x (3)
Relative contribution 
to wage gap 
(2)x(3)/(1)
-0.152 * -0.06 * 1.000 -0.060 0.395
(0.023) (0.014)
… 0.006 0.168 0.001 -0.007
(0.056)
… -0.057 0.396 -0.023 0.148
(0.044)
… -0.352 * 0.083 -0.029 0.191
(0.112)
… 0.301 * 0.088 0.027 -0.174
(0.056)
… 0.031 * -3.573 -0.110 0.718
(0.002)
… -0.029 * -3.452 0.101 -0.662
(0.003)
… -0.024 -0.040 0.001 -0.006
(0.038)
… 0.027 -0.111 -0.003 0.020
(0.023)
… 0.198 * -0.109 -0.022 0.142
(0.025)
… 0.465 * 0.304 0.141 -0.928
(0.027)
… 0.825 * -0.129 -0.107 0.701
(0.031)
… 0.966 * -0.121 -0.116 0.764
(0.102)
(0.021)
R-squared 0.039 0.630
Number of workers 13,709 13,662
Number of firms 35 34
Note: Column (1) comes from column (1) of Table 2; column (2) comes from column (10) of Table 3. The mean 
differences and coefficients for the regional and 2-digit industrial dummies are not reported but are included in 
the calculations.
misssex
Secondary education 
without GCE
Secondary education with 
GCE
University education
Post-graduate education
Table 6: Wage Gap Decomposition for Slovak Public Sector
Female
% female in occupation
(Firm empl./1000)
2 
% female in job cell
% female in firm
% female supervisors in 
firm
Firm employment/1000
Age
Age squared
36Variable
Coefficient 
estimate   
(1)
Coefficient 
estimate     
(2)
Mean difference 
women - men    
(3)
Absolute 
contribution to 
wage gap, (2) x (3)
Relative contribution 
to wage gap 
(2)x(3)/(1)
-0.227 * -0.14 * 1.000 -0.140 0.616
(0.014) (0.007)
… -0.098 * 0.252 -0.025 0.109
(0.025)
… -0.06 * 0.489 -0.029 0.130
(0.019)
… -0.1748 0.211 -0.037 0.162
(0.073)
… -0.1034 0.153 -0.016 0.070
(0.041)
… 0.036 * -0.684 -0.024 0.108
(0.002)
… -0.038 * -0.658 0.025 -0.111
(0.002)
… 0.066 * -0.621 -0.041 0.182
(0.011)
… -0.009 * -1.821 0.016 -0.069
(0.002)
… 0.085 * -0.141 -0.012 0.053
(0.01)
… 0.251 * 0.090 0.023 -0.099
(0.013)
… 0.631 * -0.023 -0.014 0.063
(0.032)
… 0.827 * -0.002 -0.001 0.006
(0.079)
… -0.095 0.000 0.000 0.000
(0.046)
… -0.18 * 0.030 -0.005 0.024
(0.067)
… -0.157 * -0.006 0.001 -0.004
(0.049)
… -0.0304 -0.036 0.001 -0.005
(0.057)
R-squared 0.079 0.521
Number of workers 98,989 94,130
Number of firms 408 390
Note: Column (1) comes from column (1) of Table 2; column (2) comes from column (10) of Table 3. The mean 
differences and coefficients for the regional and 2-digit industrial dummies are not reported but are included in 
the calculations.
                   Mixed
Age squared
                   State
Ownership Private
                   Co-operative
Post-graduate education
(Firm empl./1000)
2 
University education
Age
Firm employment/1000
Secondary education 
without GCE
Secondary education with 
GCE
% female in firm
% female supervisors in 
firm
Table 7: Wage Gap Decomposition for Slovak Non-public Sector
Female
% female in occupation
% female in job cell
37Iljxuh 4= Glvwulexwlrq ri Rffxsdwlrqdo Vhjuhjdwlrq
6;Iljxuh 5= Glvwulexwlrq ri Ilup Vhjuhjdwlrq
6<Iljxuh 6= Glvwulexwlrq ri Mre0Fhoo Vhjuhjdwlrq
73